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ABSTRACT 

This booklet contains all of the information 
necessary to conduct and administer the annual Department of Defense 
Dependent Schools (DODDS) Pacific Region Junior Science and 
Humanities Symposium at the school level, students are invited to 
conduct original experimental research in the sciences, mathematics, 
humanities and computer applications fields and report thejr 
findings. Administrative procedures, guidelines for presentations and 
judging, and other information are provided. Evaluation forms for 
reports and presentations, organization of reports, and research 
guidelines are provided in the appendices. (YP) 



* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 
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DOCUMENT PURPOSE 



The Junior Science and Humanities Symposium Management Information 
Booklet for School Year 1990-1991 contains all of the information 
necessary to conduct and administer the annual Department of Defense 
Dependent Schools Pacific Region Junior Science and Humanities 
Symposium CJSHS) at the school level. It is published yearly in 
January and intended for use by high school principals, JSHS 
coordinators, JSHS sponsors and JSHS mentors in conducting and 
acbninisterlng the local JSHS program. In addition. It should be used 
by students as they conduct their research and write about their 
projects. The Appendices are especially Important to student 
researchers since they contain not only writing guidelines but also an 
extensive discussion about the actual conduct of research. 
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PACIFIC REGION JUNIOR SCIENCE AND HUMANITIES SYMPOSIUM 

OVERVIEW 

SYMPOSIUM REGIONAL DIRECTOR: Regional Science Coordinator 

SYMPOSIUM HOST: District Superintendent of Schools, Japan 

ACTIVITY DESCRIPTION? The syniposlum is a one week meeting of eighth 
grade and high school stucents who have completed experimental 
research in any of the sciences, mathematics, humanities or cc»nputer 
sciences. Formal and informal presentations of research findings are 
made by students, research laboratories at the symposium site are 
visited, and speakers discuss their research and the importance of 
research to the future of man<ind. The importance of the humanities 
and a humanistic approach to scientific research are also stressed. 

LOCATION: Tsukuba Science City. Japan 

TRANSPORTATION ARRANGEMENTS: Transporat ion arrangements for travel to 
and from the syn^osium are made by the middle and hlg^ school 
acbninistrators of the Department of Defense Dependent Schools Pacific 
Region and the District Superintendent of Schools for Japan. 

POPULATION INVOLVED: 

1. STUDENT PARTICIPANTS: Students from all Department of Defense 
Dependent Schools Pacific High Schools and selected 8th grade 
students. 

2. NUMBER OF STUDENTS AND TEACHERS: About 120 per year 

3. GRADE LEVELS: 8-12 
SYMPOSIUM DATES: April 8-12. 1991 
FUNDING RESrONSIBILITY: 

1. ATTENDING FACULTY: The symposium operates under a grant 
from Ihe Academy of Applied Sciences and the Army Research 
Office. All expenses are borne by Symposium. Transportation 
and substitute teacher expenses are paid by Department of 
Defense Dependent Schools Pacific Region. 

2. PARTICIPATING STUDENTS: All symposium expenses are borne 
by the Symposium. Transportation expenses are paid by 
DoDDS-Paci f Ic. 

PARTICIPANT SELECTION PROCESS: To be eligible for participation at 
the Symposium, each student must submit an application for 
participation form by Decemoer 15, and an acceptable, completed 
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research paper reporting the results of experimental research he or 
she has conducted by February 1 . One copy of the research report on a 
3.5" or a 5.25" computer disk in AppleWorks must arrive at the 
Department of Defense Dependent School Pacific Regional Office and one 
typed copy of the research paper at District Superintendent of Schools 
Japan office not later than February 1. Each student's mentor decides 
whether his or her stude-»t has completed the research project at a 
level sufficient to warrant Symposium participation. 

PURPOSES OF THE SYMPOSIUM: The purposes of the symposium program are 
to, foster critical thinking skills among participants, help students 
develop an awareness of the inquiry process and the meaning of 
"knowledge," expand students' career horizons, provide students 
experience conducting research as a problem solving method, and 
provide recognition for those students who have completed an 
experimental research project. 



PROGRAM DESCRIPTION 



Each year, beglrnlng January first, the Department of Defense 
Dependent Schools, Pacific Region conducts a Junior Science and 
Humanities Symposium program. Students are invited to conduct 
original experimental research in the sciences, mathematics, the 
humanities and computer applications that relate to research in those 
fields. The research period ends early in spring of the next scbov*>i 
year. Following conclusion of the research period, students who hc"9 
completed research projects and the writing of research project papers 
spend a week presenting their research to other students, visiting 
locations where research Is actively being conducted, participating in 
Japanese-American cultural events and a host of other activities. 
During the week, three top student researchers are selected from the 
participants. Later in the spring, the selected students travel to 
the National Junior Science and Humanities Symposium in the United 
States. There, the first place researcher presents his or her 
research paper to student researchers fran the entire United States. 
The student presenting his or her paper at the National Symposium 
competes with other students for an opportunity to attend the 
International Youth Science Fortnight, usually held in London, England 
during the following summer. 
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GRADE 8 FEEDER PROGRAM 



The grade 8 feeder program Is open to all grade 8 students 
attending Department of Defense Dependent Schools Pacific Region 
ir'ddle schools and high schools and is intended to help promising 
students get started In scientific research prior to entering high 
school. The program functions as follows: 

1. Each high school and middle school may select two eighth grade 
students each year to attend the Pacific Junior Science and Humanities 
Symposium. While it is not mandatory, it is suggested that one boy 
and one girl be selected fron each school. The final deciders of 
which students attend* however, are the quality of the experimental 
research conducted by the participants and the quality of the research 
paper written by those students. Actual selection for participation 
at the annual Junior Science and Humanities Symposium in Tsukuba City, 
Japan is accomplished at the school level in the same manner as it is 
for high school students 

2. Participating grade 8 students must complete an experimental 
research project, as outlined in this booklet, exactly and to the same 
standards as do their high school counterparts. All other 
requirements listed for hig^ school students also apply to grade 8 
students. 

3. Grade 8 students participating In the program will make poster 
session presentations only. They are not be expected to make formal 
presentations at the Symposium. 

4. One sponsor, mentor or JSHS coordinator frOTi each middle school 
will be asked to attend the Symposium providing that school has two 
students who will also attend. In schools having grades 7-12. grade 8 
students will accompany the JSHS school coordinator. 



PROGRAM OBJECTIVES 
The symposium objectives are to: 

1. PROMOTE experimental research In the humanities, the sciences, 
mathematics, and engineering. 

2. PROMOTE an understanding of the significance of research In human 
affairs, and the importance of using humane and ethical principles In 
the application of research results. 

3. IDENTIFY talented ycuth and their teachers. 
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4. RECOGNIZE the accompUshments of participating youth and their 
teachers. 

5. ENCOURAGE the continued interest and participation, of the 
participants, in humanities, science, mathematics and engineering. 

6. EXPAND the horizons of research oriented students by exposing them 
to opportunities in the academic, industrial, and governmental 
ccHranun i t ies. 

7. ENLARGE the numiser of future adults capable of conducting 
experimental research. 

PROGRAM THEMES 

The following Symposium themes have been established for the 
school years through 94-95. It is not necessary that student 
researchers direct their investigations toward the theme of the year. 
The theme should be advertised by the schools^ Junior Science and 
Humanities Symposium coordinators at the beginning of the program year 
(January 1 of the previous school year) and at the beginning of the 
school year. Program themes may stimulate some students, who mig^t 
otherwise not conduct a research project, to Join the program 

School Year Ihsm 



1 . 


87- 


88 


The World Ocean Our Last Frontier 


2. 


88- 


•89 


Space Challenge of the 21st Century 


3. 


89- 


•90 


Science and Humanities - The Eternal Quest 


4. 


90- 


•91 


The Integration of Science and Technology for 








Mankind 


5. 


91- 


■92 


Biotechnology - Designs for the Future 


6. 


92- 


93 


Tel econwiuni cat ions - Conversation with the Stars 


7. 


93- 


94 


The Cosmic Connection 


8. 


94- 


■95 


Project Civilization 



PROGRAM AWARDS 

1 . STUDENTS : 

a. Formal Presentations. Three top student researchers are 
chosen from those students selected to make formal presentations. 

(1> The three top presenters receive a trip to the National 
Junior Science and Humanities Symposium held in the 
continental U.S. 

<2> The first place person receives a scholarship to the 
college cf his or her choice. The value is usually $500.00 



b. Poster Presentations. Three top presenters are chosen from 



each poster session. A book of some sort is usually given to each 
of these individuals. 

2. MENTORS: The mentor of the numbtr one student in the formal 
presentation session Is presented a grant to purchase equipment for 
his or her school. The grant is usually $300.00. In cases where the 
mentor of a student is not a member of a school faculty, the grant 
shall go to the high school of the winning student and be spent for 
equipment in a subject subject related to the area in which the 
winning student conducted his or her research. 



PARTICIPANT ELIGIBILITY 

Participation In the Junior Science and Humanities Symposium is 
open to all students attending Department of Defense Dependent 
Schools, Pacific Region high schools and middle schools (grades 8-12) 
who are interested In and subsequently ccanplete an acceptable 
experimental research project In the sciences, mathematics, humanities 
or computer applications that relate to research in those fields. 



APPLICATION FEE 

There Is a $30.00 non-refundable application fee. The fee must 
accompany a students application for participation In the Junior 
Science and Humanities Symposium. The payment must be made by check 
Ccash will not be accepted) payable to the Pacific Region Junior 
Science and Humanities Symposium. 



SYMPOSIUM COORDINATORS 

A JSHS Coordinator may be assigned by the school administrator 
(coordinators may be paid under the extra currlcular activity program; 
a decision regarding such payment, however, is up to the school 
administrator). Coordinators, when assigned, may also be- mentors or_ 
sponsors (see Symposium Mentors and Sponsors below). The coordinator 
Insures that the school level JSHS program functions In accordance 
with the guidelines set forth In this publication; that Is, the 
students of the various mentors meet the necessary time requirements, 
applications are submitted, application fees are paid, parental 
permission slips are on file at the school, student papers are 
submitted and action, when necessary. Is taken to have travel orders 
cut. Coordinators may be from any discipline but preferably teach 
science, mathematics, canputer science and or humanities subjects. 
Coordinators also may help to locate mentors, like scientists, medical 
personnel and university professors who are non-school people working 
In the local corranunlty and willing to guide a student through his or 
her research. 
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SYMPOSIUM MEaiTORS 



Mentors are oeople who guide students through their research, 
helping them with the scientific method, literature searching, and 
writing their research papers. Mentors may be teachers, scientists, 
medical personnel, mathematicians, computer specialists and others 
working in the local conmunity. Mentors may be coordinators and or 
sponsors. 



SPONSORS 

Sponsors are people who acccanpany students from their schools to 
the Pacific Region Junior Science And Humanities Symposium. They also 
may be coordinators and mentors. 

PROJECT GUIDELINES 

1. SCIENTIFIC METHOD: The scientific method should be used in all 
experimental research projects. The method generally consists of: <1> 
identification of a problem; (2) gathering all the pertinent data; C3> 
formulating an hypothesis; <4> performing experiments; <5) 
interpreting the results of the experiments; (6> drawing one or mere 
conclusions regarding the hypothesis. Students often conduct 1 ibrary 
research projects, falsely thinking that such endeavors are a correct 
application of the scientific method. Generally, such Is not the case. 
While literature searching Is generally part of the experiential 
research process, it Is not, in and of Itself acceptable as a Junior 
Science and Humanities Syn«>oslum project. Proper use of the method Is 
stressed heavily during the evaluation process which leads to 
selection of research projects for formal presentation at the 
Symposium. 

2. USE OF ANIMALS IN RESEARCH: The use of animals in research, 
projects is to be closely monitored by local school officials. In 
this regard, the following guidance applies: 

a. Unacceptable Projects . Projects leading to the needless 
killing of animals or in which there Is high probability that the 
research will lead to the death of a research animal are not 
acceptable as Junior Science and Humanities Symposium research 
projects. 

b. Disapproved Projects . Projects where there is a chance the 
research will lead to death of research animals should be 
evaluated by a board of science teachers or other science personal 
prior to their approval. The board should evaluate the proposal/s 
to ensure that all possible piecautions to prevent death of the 



animal/s have been taken. If, after evaluation, the board feel's 
thers is still a high probability that death will occur regardless 
of the precautionary measures the project should not be approved. 

c. Acceptable Projects . Projects where there is a slight 
chance that a research animal will die are acceptable but project 
methods should be scrutinized closely by mentors prior to project 
approval. All possible precautions should be taken to prevent the 
loss of a research animal. 

d. Acceptable Projects . Projects where research animals die 
for no apparent reason are acceptable. 

3. RESEARCH PAPER ORGANIZATION: Guidance for the organization of 
student research papers Is provided In Appendix F. Organization sf 
Student Papers and Abstracts. 

4. ADDITIONAL GUIDELINES: Additional guidelines for the conduct of 
high school research Is provided In Appendix G Guidelines for Hlcrh 
School Students Conducting Research. 



ABSTRACTS 

1. GENERAL: An abstract shall be written for every paper which Is 
submitted and shall accompany the paper when it Is submitted. A form 
is Included In Appendix A, Abstract Forms , for this purpose. That 
form shall be used. Xerox copies of the form may be made to meet the 
needs of Individual schools. 

2. LENGTH: The abstract should be of adequate length to describe the 
project but should not exceed 175 words. 

3. WRITING: The abstract must be single spaced. Hand written 
abstracts will not be accepted. 

4. SUGGESTIONS FOR ABSTRACT WRITING: 

a. Answer Questions . Abstracts should answer the questions; 
Who; What; Where; When; Why; sometimes. How? 

b. IfiQSfi- The past tense and third parson should be used to 
describe completed research. 

c. Enol ish Usage . Proper sentence structure and grammar must 
be used. 

d. Abbrgy lat tons . Do not use abbreviations. 

e. Assumption . Assume readers will have a good technical 
vocabu 1 ary . 
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f . Specialized Vocabulary . Try to avoid the use of highly 
specialized words. 

g. Results and Conclusions . State results or findings and 
conclusions of the research In a clear, concise fashion. 

5. EXAMPLE ABSTRACTS s Examples of abstracts are Included In Append! y. 
Example Abstracts^ 

6. ADDITIONAL INFORMATION: Additional Information about abstract 
writing is contained In Appendix G» Guidelines for Conducting 
Research . 



USE OF COMPUTERS 

The Apple ccanputer and the AppleWorks program must be used when 
the paper Is written. Versions 1.2, 1.3, 2.0. 2.1, or 3.0 of the 
AppleWorks program may be used. When a files for the paper are setup, 
left and right margins should be set at 0.5 Inches using the 
OPEN-APPLE-0 option. 



TYPING 

1. PAPERS The paper must be printed (also sec computer instructions 
above), double spaced. Papers that are not printed double spaced will 
not be accepted. 

2, ABSTRACT! When printing the abstract, the form provided In 
Appendix A Is used; also see the "Abstract" section, above and 
Appendices G and H. Abstracts are printed single spaced. 



PAPER SUBMISSIC^ 

1. TIME: Papers should be maP *d so they arrive on or before the- 
deadl ine date listed below in the Symposium Time-line. 

2. COPIES: Two copies of the paper shall be submitted as follows: 

a. One printed, double spaced copy to; 

DISTRICT SUPERINTENDENT OF SCHOOLS, JA^AN 
APO SAN FRANCISCO, CA 96328-0005 
AUTOVON 225-3940/3941/3947 
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b. One computer copy to; 



SCIENCE COORDINATOR 
DODDS-PACIFIC/EDUCATION DIVISION 
FUTENMA BOX 796 
PPO SEATTLE, WA 98772-0005 
AUTOVON 635-2365/2147/2151 

The canputer copy must be in AppleWorks. Tables and Figures used 
in the paper may be stored in files separate from the actual paper if 
it fits the needs of the researcher. 

JUDGING GUIDELINES 

1. FIRST EVALUATION. All research papers submitted as part of the 
Junior Science and Humanities Symposium program are evaluated by a 
team of scientists and other research oriented individuals to 
determine: CD the quality of the invest I gat or ^s research design; <2> 
the originality of the topic or approach; (3) t^e level oi scientific 
understanding displayed in the paper; (4> the quality of the paper 
itself. Papers are chosesi for formal presentation at the Symposium 
based upon the outcome of this evaluation. Appendix B contains a copy 
of the Research Paper Evaluation form used for this process. This 
evaluation leads to the selection of students who will make formal 
presentations at the symposium. All students not chosen to make 
formal presentations, make poster session presentations. In addition, 
research papers written by grade 8 students are not considered for 
formal presentations. 

2. SECOND EVALUATION. Students chosen to present their papers 
formally at the Symposium are evaluated a second time. This time, the 
quality oral presentations are Judged to determines <l> the quality of 
the research design; <2> the originality of the topic or approach; <3> 
the level of scientific understanding displayed by the presenter; (4> 
the quality of the presentation. Three people are normally selected, 
as a result of this process, to attend the National Junior Science, and. 
Humanities Symposium in the U.S. One of the students Is selected as 
the number one researcher and presents his or her paper at the 
National Symposium. Appendix C contains a copy of the Oral 
Presentation Evaluation form used for this process. 



ORAL PRES01TATIONS 

1. PREPARING FOR ORAL PRESENTATIONS: Students often become nervous 
when they must face an audience. As a result of being nervous, their 
presentations, which might have otherwise been well done, turn out 
poorly. Practice presentations, in front of a video camera, may help 
students overccane sane of their fears, nervousness and the like. Once 
students have had their presentations taped, they should: <1) view 
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the tape to see actually what the audience 
was made; <2> ask fellow students to view the 
suggestions regarding ways to improve the 
mentors, sponsors, coordinators and teachers 
suggestions for improvement. For the best 
process should be repeated several times. 



saw when the presentation 
tape with them and make 
presentation; <3> have 
view the tape and make 
possible results, this 



2. USE OF VISUALS: Slides and overhead projectors may be used during 
presentations. Visuals must be easily readable at the back of a large 
lecture hall. Visuals should numbered plainly so that if one needs to 
be shown again it can be easily and quickly located. 

3. TIMING OF PRESENTATIONS: Formal presenters are allowed 15 minutes 
to make their presentations. Speakers must stop at the end of 15 
minutes even though they have not cc»npleted their presentation. They 
will be given a three minute warning by the program moderator 
following 12 minutes of presentation. Following conclusion of a 
presentation, the presenter will be allowed 10 minutes to answer 
questions asked about the research project by the Judges and the 
audience. During the question and answer period, the audience is free 
to ask questions only about the research project, the presenters 
suggestions for additional research in his or her field of 
investigation and similar related matters. 



POSTER SESSIONS 

1. GENERAL: Poster sessions are held during the Symposium. 

2. POSTER SESSION PARTICIPANTS: All students not selected to make 
formal presentations are expected to make poster presentations. 

3. Posters: 

a. Size : Posters should be about one meter long and one meter 
wide. 

b. Compos i t ion ; Posters should summarize a research project, 
showing, in the most vivid way possible, the important aspects of 
the project. They should Include: 

<1> Research Troject Title 

(2) Researcher ■'s Name 

(3> Research Methods Used During The Project 

(4) Results 

(5) Conclusions 
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Methods and results should be presented graphically, with photographs. 
Figure. Tables, and a minimum of text. The conclusion(s) , being 
perhaps the most Important part of the research, should be related to 
the experimental results. The amount of verbiage should be limited 
and written in clear, correct, standard English. 

c. Color : Intelligent use of color can make the difference 
between a monotonous display and one that says, "For something 
interesting, come over ht^re." 

d. Crowding ; Be careful not to crowd the poster with too much 
data. Consider providing interested individuals with a copy of the 
abstract rather than trying to force everything about the project on 
one poster! 

e. Evaluation ; Posters are evaluated by sponsors. Judges use 
the form included In Appendix D, Poster Se ssion Evaluation Form during 
the Judging process. First, second and third place projects are 
selected, for each poster session, as a result of this process. 

4. POSTER SESSION L^GTH: Poster sessions last approximately one 
hour. Each student who is presenting a poster is assigned to one of 
the sessions and has the other sessions free to visit with other 
poster session presenters. During the session to which a person is 
assigned, he or is expected to make roini-presentat ions to students 
and others interested In finding out more about his or her research. 



SYMPOSIUM TIME-LINE 



1. 



January 1, 1990 



Students begin research projects. 



2. 



December 15, 1990 



Students submit: 



a. Applications for participation in JSHS 
to the Regional science coordinator. 



b. The $30.00 non-refundable application 
fee to the Regional science coordinator. 



c. One copy of "Parental Permission for 
School Activity" DSP Form 105 or equivalent 
to the school JSHS coordinator. 



3. 



February 1, 1991 



Students sut^it: 



a. Computerized copy of their abstract 
and research paper to the Regional science 
coordinator . 
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b. Printed copy of their abstract research 
paper to District Superintendent of 
Schools, Japan. 

4. April 8-i2, 1991 Regional JSHS at Tsukuba City, Japan. 

5. May 1991 National JSHS, U.S. 

6. July 1991 International Youth Science 

Fortnight, London, England 



APPLICATION FORM 

A copy of the Junior Science and Humanities Symposium application 
form is included in Appendix E. Xerox copies of the form should be 
made to meet the needs of individual schools. 



PAR^AL PERMISSION FORM 

Parental permission to attend the symposium must be obtained 
before a student can attend the Symposium. Permission Is obtained by 
having parents complete, "Parental Permission for School Activity," 
DSP Form 105 or equivalent. Ccmipleted forms for attending students 
sh£ll be retained by the ac&ninistrat ion of the students^ respective 
schools. 



ACCEPTANCE OF STUDESn* PARTICIPANTS 

Acceptance of a student to attend the symposium is based upon the 
quality of the work done by the particular applicant. The 
determination of whether or not a student's work, both research and 
final research report meets acceptable standards based upon the 
information published herein. Is made at the student's school by., his. 
or her mentor. Once a research paper has been deemed acceptable by a 
mentor and forwarded to the Regional Office that student Is accepted 
for attendance at the symposium. 



ORDERS 

1. SPONSORS'. Travel orders are issued for sponsors by school 
administrators in accordance with guidance set forth for Region 
approved events. Sponsor temporary duty orders shall include the 
following statement in block 16 of Department of Defense CDOD) Form 
1610, "Limited per diem of S3. 50 per day is <\ithorized from 1500 hours 
1991 through 1200 8 April 1991. Full per di am is authorized for the 
remainder of the temporary duty period." Use of commercial foreign 
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air carrier, may be authorized by the respective district 
superintendent of schools in emergency situations. Otherwise Military 
Airlift Consnand (MAC) shall be used. Where necessary, rail and bus 
transportation may be used. If additional funds are required for 
Region approved events, a request for amencinent to DSPA Form 7001 
should be requested from the regional finance officer. 

2. STUDENTS: Student travel orders will be issued similar to those 
used for student travel to athletic events. 



TRAVEL 

1. YOKOTA AIR BASE ARRIVAL TIMES: Yokota Air Base Military Airlift 
Coinmand terminal tentative arrival times, fligtit numbers and arrival 
dates for those students and sponsors traveling via MAC to the 
regional JSHS should be forwarded as soon as possible by telephone to 
District Superintendent of Schools, Japan at AUTOVON 
225-3940/3941/3947 . 

2. MEETING ARRIVING JUNIOR SCIENCE ANlD HUMANITIES SYMPOSIUM 
ATTENDEES: A Department of Defense Dependent schools representative 
will attentat to meet all incoming flights based upon information 
provided as directed in paragraph 1 of this section. If your flight 
Is not met, call Takashi Suyama by telephone at 0425-45-4894 or 
225-3940/3941/3947 . 

3. YOKOTA AIR BASE DEPARTURE: Buses will depart for Tsukuba City 
from the Yokota Officer^s Club parking lot at 1100. 1991. 



poors 

1. STUDENTS' RESPONSIBILITY: Students are responsible for all food 
costs Incurred following their departure from home and prior to the 
evening meal, 8 April 1991 and following the noon meal on 12 APRIL 
1991 and the time they arrive home again. 

2. SYMPOSIUM MEALS: Food is provided free to all participants during 
the Symposium period. 



LODGING 

1. EARLY ARRIVAL AT YOKOTA AIR BASE: Sponsors and students arriving 
at Yokota Air Base prior to the date the group departs for Tsukuba 
City will be provided lodging at Yokota High School or some similar 
location. Travelers should bring: 

a. Sleeping bags. 
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b . Towe 1 8 . 



c. Shower shoes 

d. Bathrobe. 

2. LATE DEPARTURE FROM YOKOTA AIR BASEj Sponsors and students 
departing Yokota Air Base on Saturday or Sunday after the Symposium 
will be provided lodging at Yokota High School or some similar 
location. 

3. STUDENTS, SPONSORS AND THE BOO: Sponsors and their students 
wishing to make BOO reservations before departure for Tsukuba City and 
following return frcm Tsukuba may do so by calling AUTOVON 225-7326. 
The reservations will not be made by District Superintendent of 
Schools Japan personnel. The cost of such lodging, however, is the 
responsibility of the traveler. Takashi Suyama must be notified at 
AUTOVON 225-3940/3941/3947, two weeks prior to your arrival, if BOO 
reservations are made for the group from your school. This is 
essential since berthing space is arranged for early arrivals ar.d late 
departures based upon the numbers. Failure to use the space provided 
causes the Symposium to incur higher than necessary costs. 



All sponsors must file a travel claim, DOD Form 1351 within five 

working days following the ca pletion of travel. A copy of the form 

is provided at the Symposium. The forms are filed In accordance with 
procedures used by the base to which a school Is attached. 



TRAVEL CLAIMS 



TKITATIVE SYMPOSIUM SCHEDULE 



April 8. 1991 C Monday) 



1100 
1500 
1600 
1800 
2300 



Depart Yokota Air Base 

Arrive Tsukuba Training Center, Check In 

Sponsors Meeting 

Banquet at University Hall 

Lights Out 



April 9. 1991 (Tuesday) 



0715 
0830 
0845 
0945 
1045 
1145 
1300 



Breakfast 

Depart for Tsukuba Training Center 

Poster Session One 

Poster Session Two 

Poster Session Three 

Depart for Lunch 

Depart for Field Trip 
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1700 Sponsors Meeting 

1800 Dinner 

2300 Lights Out 

April 10. 1991 (Wednesday) 

0715 Breakfast 

0845 Depart for Tsukuba Training Center 

0900 Student Presentations 

1145 Depart for Lunch 

1245 Depart for Field Trip 

1630 Depart for Mr. Inaba's House and Cultural 

Cultural Exchange Program 

2300 Lights Out 

April 11. 1991 (Thursday) 

0715 Breakfast 

0815 Sponsors Meeting 

0845 Depart for Tsukuba Training Center 

0900 Student Presentations 

1000 Key-Note Speaker 

1C30 Student Presentations 

1145 Depart for Lunch 

1245 Depart for Field Trip 

1800 Dinner 

1930 Possible Student Party 

2300 Lis^ts Out 

April 12. 1991 cFrldav) 

0715 Breakfast 

0830 Sponsors Meeting 

0845 Depart for Tsukuba Training Center 

0900 Closing Ceremony 

1130 Lunch 

1300 Depart for Yokota Air Base 



THINGS TO KNOW ABOUT TSUKUBA CITY AND THE TRAINING CENTER 

1. MONEY: It is difficult, in the Tsukuba area, to change dollars to 
yen! Symposiura participants should plan accordingly, bringing as much 
yen as they think they will need. 

2. TOWELS: The training center does not provide towels with the 
rooms. Participants must bring their own towels. 
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3. DRESS: 

a. Students: 

<1> Dress-up the first night for the banquet. 
<2) Dress-up during formal presentations. 

(3) Dress-up during poster presentations. 

(4) Bring casual and cool weather clothing, its not too late 
for snow in this part of Japan. 

b. SPQnSQrg? 

(1> Sponsors should be prepared to introduce your students to 
the audience for formal presentations and at the banquet the 
first night of the Syn^osium. 

(2> Casual and cool weather clothing. 

4. ROOMS: Each sponsor and student has an Individual room; sponsors 
usually stay in the same area on the same floors as their students. 

5. FOOD: Food at the Training center is Japanese style. There are 
local establishments where other types of food may be purchased. Such 
purchases » however, are at the individuals own expense. 
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NAME: 

HOME ADDRESS: 
SCHOOL: 

SPONSOR/TEACHER: 
TITLE: 




ABSTBACr FORM FOR NAT10NAI. JSHS SrUDE<iT PARTICIPANTS .vv /:iHyf.t 

exdunge, discusskm and dabcTitkm between 
varioos autliors aiKi between andKMS / lUBd 



Everyone wlio attends ti» Natioaal JSHS 
reodves a bo0k tlmt incMes 1 to 1 idiotogr^d& 
KiMod^ictions of the abstracts typed wtthin die 
above bocdets. Then is no editing of the sob- 
mhted .abstract; therefore, m» ^tonkl malde- 
suie tftere are no cKciess ndstakes siidi as Qfpo?: 
gtai&ical arms or.niisqieltod wwd s-g^ that r 
the abstract is dearly and ocmdsely written; 



A good abstract can be written Iry j^opa 
condensation of a full length, cardutty struc- 
tured researdi paper. The abstract should 
aocuratdy convey the essentiid natore of the 
research conducted and the most s ign i fic a nt 
cottdudons readied. In the context of the 
National JSHS, a further purpose of (he abstract 
is to attract the intere^ aiMl curiosity of the 
Don-spedalbt reader and thns to encourage 



INSTRlKmONS: Employ a typewriter, using 
type of a standard «t3^ (siudi as IBM Prestige 
Bite 72, 12 ktters/indi). Vx tlK^spadng taxd 
cap&i^zation st^ diown Iqr exaa^ <m;tfae 
reverse side of this dieet. If any (fiagrsfflffliDg is 
necessary, do it in bl^ uik. If :a macfahke with 
spedal diaracters is not available,':blad; ink 
should be cmidoyed. : The typhig mnst.ibe 
dngie-spaoed. The abstract , should be -.of 
adequate length but not exceed 175 - wnds. 
Only tlM materM contaiiMd within tlK hotda 
hues win be photographed. t.^v 
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Jiinlor Science and 
HumanWes Symposium 

Name of Student: 

Title of Presentatioii: — — 



RESEARCH PAPER EVALUATION 

POINTS CRITERIA 
^ L Quality of Research Design 



a. Statement and dd in e a tio n of problem 

b. Identification of variables 

c Recognition of Hmitations of measurements 

d. Adequacy of datsi (amount 

e. Stati^cal analysis appropriate to Mgh sdwA 



jSQ n. Originality of T<^ or Approach 

a. Suiable sul^iect for high school research 

b. ParMnal work vs. professional he^ 
c. Originality vs. laboratory manual report 

^ nL Scientific Understanding Displayed 

a. Kmphasis on significanT vs. trivial 

b. Ol^iectiviiy 

c Scientific vs. value judgments 

d. Rect^nition of Ae limkadons of die study 

e. Omdusion based on data. 



JS IV. Quality of die P^er Itsdf 

.^...^ a. Title page 
b. Table of counts 

c. Summary or abstract 

d. Introduction 

e. Discussion 

f . Concitid<ms^recommendations 

g. Acknowledgements 

^^^—^ h. Ref ereOCeS Oteca: Many (dieds do not ht«c cxtouive Otewi«s) 

. L Display of data 
j. General clarity of expression 



Total Points 
Comments: 



Signature of Evaiuator Date 
DoODS-Pacific R^on in cooperation «vich U.S. Army Research Office 
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Junior Science and 
Humanities Symposium 

Name of Student: — — . — - 

Title of Presentatioii: 



ORAL PRESENTATION EVALUATION 

POINTS CRITERIA 
2S L Quality of Research Design 

a. Statem^t and delineation of problem 

b. Identification of variaUes 

c Reo^nition of limitations of measurements 

d. Adequacy of data (amount 

e. Statistical analysis appropriate to hi^ sdhool 

_j 10 II. Originality of Toi^ or Approach 

a. Suitable subject for high school research 

. b. Personal work vs. professional help 

c. OriginaHiy vs. laboratory manual reiwrt 

3S III. Scientific Understanding Displayed 

a. Enyhasis on significant vs. trivial 

b. Objectivity 

c. Scientific vs. value judgments 

d. Recognition of the limitations of the study 

. e. Conclusion Imsed on data. 

. 30 IV. Quality of the Presentation 

a. Introduction 

b. Discusdon 

. c. Condiisions/recommendations 

<*.. Acknowledgements 

e. Reference (N««: Mm^ «cbool« 4o not hm «x,«iuive HWtiies.) 

f . Display of data 

g. General dari^ of expression 

Total Points 

Comment*: 



Signattire of Evaluator Date 
DoDDS-Pacific Region in cooperation with U.S. Army Research Oifice 
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JUNIOR SCIENCE AND HUMANITIES 

SYMPOSIUM 

POSTER SESSION EVALUATION FORM 



Name of Student: 



Research Project Title:. 



Note! All items in the criteria column are evaluated both on the 
students poster and on his or her informal presentation to fellow 
students and others. 



POINTS 



.45. 



.25. 



.30. 



CRITERIA 

I. Quality of Research Design 

a* Is the problem well stated and 
del imited? 

b. Are the variables identified? 

c. Is there a recognition that 
measurements are limited? 

d. Are the data sufficient enough 
to support decisions that were 
made? 

e. Is the statistical analysis 
appropriate to the experience 
of the student researcher? 

II. Originality of Topic or Approach 

a. Was the research topic 
suitable for grades 8-12 
research? 

b. Is there evidence that the 
majority of the work was- 
accomplished by the student? 

III. Scientific Understanding Displayed 

a. Were significant details 
emphasized? 

b. Was the researcher objective? 

c. Were limitations of the study 
recogn Ized? 

d. Were conclusions based upon 
evidence? 



Name of the Evaluator. 
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PACIFIC REGION JUNIOR SCIENCE AND 
HUMAN I T I ES SYMPOS I UM 

STUDENT APPL I CAT I ON 

DIRECTIONS 

A* Provide a complete answer in each blank. 
B. Forward with a check in the amount of $30.00, payable to 
the Pacific Region Junior Science and Humanitites Symposium 

1. Name & Student Identification Number: 



2. School Grade: 

3. Sex: 

4. School Name: 

5. Home Nailing Address: 



6. Home Telephone Number: 

7. Mentor's Signature: 

8. Pr inclpal/Asst . Principal Signature: 



9. Mall To: Science Coordinator 

DoDDS-Paclf ic/Educatlon Division 

Futenma Box 796 

FPO Seattle 98772-0005 
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ORGANIZATION OF STUDENT RESEARCH PAPERS 



Research papers should contain at least the following sections: 
Title* Abstract t Introduction, Methods or Procedures, Data or 
Findings, Discussion. Conclusions, Recommendations For Further 
Research, Literature Cited* 

1. TITLEi The title is often the first item seen by potential 
readers. It should be concise and as specific as possible. Titles 
should be written such that readers are convenced to continue on to 
the Abstract. Some examples follow: 

a. Determination of the Activation Energy and Order of Reaction 
for a Lightstick 

b. The Effects of Slope and Reefs on Water Waves 

c. Ultraviolet Weathering of Polypropylene as an Example of a 
Photo-Chemical Process as a Function of Color 

d. Mitotic Activity Associated with the Initiation of Budding in 
Hydra 

2. ABSTRACT': Abstracts, usually found at the beginning of a report* 
provide readers with an overview 'of the research described in the 
report. Writers cite their research methods, findings and conclusions 
in this section in sufficient detail to convince readers that the 
entire report should be read. Sane exan^le abstracts are provided in 
Appendix H. 

3. INTRODUCTION: A number of items are included in the introduction. 
First, what is already known alx>ut the research problem, as reported 
in the literature. Is described. As the description continues, 
literature containing the Information from which the description 
originates, is cited. Citations here, and In other sections of the 

report, take on one of two forms: (1) Jones (1949) found that ; 

<2) It was noted that (Jones 1949). If readers want addict ional 

information about the work of Jones, they go to the Literature Cited 
section to locate the ccsi^lete citation of Jones'' work. The second 
item is the rationale for conducting the study (why was the study 
conducted?). The third area covered includes hypotheses or research 
questions. What are hypotheses to be accepted or rejected as a result 
of the research findings, or what research questions are to be 
answered as a result of the research. All of the areas covered In the 
Introduction should be linked. Some additional examples of citations: 

a. Schlltz and Bud (1990) stated their research produced 
little support for the conclusions drawn by Chesterfield 
(1989). 
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b. Evidence collected over the past forty years suggests the 
present atmospheric warming trend Is occur! ng outside of 
normal atmospheric cycles (Miller 1989). 

4. METHODS OR PROCEDURES: The methods or procedures used to conduct 
the research are described In this section. They should be reported 
as exactly as possible In a step wise manner. This section should be 
written specifically enough so that the research project could be 
replicated by stsneone not Involved with the original project. Papers 
written to this degree of specificity are a credit to their writers, 
while papers reporting research studies that cannot be replicated are 
not worth reading. Figures which help describe the procedures may be 
included here. When Included, the word "Figure" begins with a capital 
letter and is placed at the bottom of of the figure. An example 
fol lows: 



Figure 1, Atypical Arrangement of the 
Distl 1 1 Ing Column. 

5. DATA OR FINDINGS: The results of the research are reported here. 
They are reported In writing and may be supported by the Inclusion of 
tables and figures. Inclusion of tables and figures without a written 
description to report research findings is not an acceptable method of 
reporting study results. While tables and figures may be used to 
provide a visual overview of findings, research results must be 
presented in writing. When tables and or figures are used, table 
titles are printed above the tables and the word, "Table," is always 
capitalized When a table is discussed in the report, the word, 
"Table,** is capitalized. The titles of figures are always printed 
under the figures. The same capitalization rules apply of the word, 
"Table," as apply to the word, "Figure." See the example figure above 
and the table below. 
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Table 1 

Hourly In Tide Pool Temperatures For Southwest Harbor 

30 August 1989 



Location Time TemperatureCC) 



6. DISCUSSION: Research findings are discussed here. Relationships 
between the findings and what is already known ai>out the research 
problem should be made. What is already known was reported generally 
in the INTRODUCTION section. Thus, there should be a relationship 
between the DISCUSSIC»4 section and the INTRODUCTION section. 
Hypotheses or research questions are el so discussed here, taking into 
account the research findings. 

7. CONCLUSIONS! Researchers draw conclusions about research projects 
in this section. Conclusions should be based upon Information 
presented in the DATA or FINDINGS section. This is often the place 
where hypotheses are either accepted of rejected. Conclusions about 
researcii questions, v^en research questions are used in a study, are 
also made here. An important poin to remember is that conclusions are 
based upon evidence. 

8. LIMITATIONS OF THE STUDY; Any limitations which effect the 
generallzabi 1 i ty of the research results are Included here. 
Statistical techniques used to manipulate the data, for exanple, may 
not have been what they shoe id have been. In such a case readers 
should be cautioned about the effect this could have on the 
application of the study results to other situations. Some of the 
treatment effect might have been caused by a random^ uncontrolled 
intervening variable. Again, the reader should be made aware of this 
possibility. Other factors, over which the researcher had no control, 
that might have Influenced the study outcomes should be mentioned. 

8. SUGGESTIONS FOR FURTHER RESEARCH; This is a list of suggestions 
which can or should be accorm> 1 i shed by additional research projects to 
help us better understand the area of research in the present report. 
Additional research could answer questions either central or 
peripheral to the research discussed in the report. 

9. LITERATURE CITED OR REFERENCES: This a list of complete citations 
for every article cited in context. Citations are usually listed 
alphabetically by the authors^ last names. When an author is cited 
more than once, his or her works are usually listed with the earliest 
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publication date first. In cases where two or more articles by the 
same author published during the same year are used, small letters 
follow the date, starting with "a" and proceeding Cl987a. 1987b>. The 
letter is included both here and in the report when the work of that 
author is discussed (see examples of dates in the INTRODUCTION 
section). If an article or a text is not cited in the report, it 
should not be included here. Some examples are provided below. 



REFERENCES 

1. ADAPT, Mul t idicsipl inary P i age t i an -Based Programs fof College 
Freshmen. Lincoln Nebraska: University of Nebraska-Lincoln. 1978. 

2. Dale, L. 6. The growth of systematic thinking: replication and 
analysis of Piaget's first chemical experiment. Australian Journal of 
PgyghQlPgy 20:227, 1970. 

3. Elkind, D. Quantity conceptions in Junior and senior high school 
students. Childhood Development 62;SS2. 1961. 

4. Good, R., and G. Morin. Math and logic ski lis exhabited bv 
college chemistry students. A paper presented to the National 
Association for Research in Science Teaching, 51st Annual Meeting, 
Toronto, Canada, March 1978. 

5. Inhelder, B., and J. Piaget. The growth of logical thinking from 
childhood to adol escence . New York: Basic Books, 1958. 

6. Xarplus, R. Scigngg curriculun improv ement study: teachers 

hanC(IBOQK« Berkley. CAt Lawrence Hall of Science. 1974. 

7. Lovell, K. A. A followup studyof Inhelder and Plaget's growth of 
logical thinking. British Journal of Psychology 52:143. 1972. 

8. McKinnon, J. W. , and J. V. Renner. Are colleges concerned with 
Intellectual development? American Journal of Physics 39:1047. 1971. 

9. Schlenker, R. M., and C. M. Perry. The molar concept a 

Piagetian-oriented learning cycle. JfiunnaJ Qi Col lege Science 

Teaching 431, May 1983. 

10. Tcanl inson-Keasey , C Formal operations in females aged 11 to 54 
years of age. Developmental Psychology 6:364. 1972. 

11. Watson, p. C. Peason about a rule. Quarterly Journal of 
Experimental Psychology 20:273, 1968. 
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CHAFTfiR 1: 



Your Research Project 



1 . 1 Message to the Student. 

So you have decided to uodertake a bit of reseaich in sdence! 
CongratuUuioas from the sdentific community! This manual has been 
I>re{>ared to help you jdan and carry out a project in an effective and 
efTtctent manner. It wiU n:t tell you what to do or precisely how to 
do it. Rather, it will make availaUe to you wmt techniques devised 
by scientists to mflTimtM meaningtVil mults from their efforts* It will 
be up to you to plan your wimIc and to choose and emfdoy technkiues 
that will be mo^ effective in your reseat. In every way, it is to 
be your project. 

It is throo^ investigative efforts like the one you are beginning that 
mankind has exj^ded its knowl^e* The cumuLaUve effects of asking 
and answering questions and passing on the answers account considerably 
for the nature of <mr modem life style. The proc^ known as ''research*' 
is ck^ly tied in with the term ''pn^ess/* and the products of research 
play a large part in what we call our culture. 

The work you are about to do is important. Dignity and pride are 
assodated with the expan^on of knowledge A legitimatCt honest question 
deserves an answer even if its ^gniflcance is not immediately apparent. 
Often the worth of a reseas^ result is not perceived until years after 
completion of the project. You need not be concerned with the amount 
of significance of the results of your project, but with the quality of 
its plaiming, logic, and accuracy. 

We wish to help you avoid floundering around and moving in directions 
not likely to lead toward accomplishment of your objectives. Therefore* 

1-1 1 
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you will flr^t be provided in th^ maoual with a generd dtscussioa of 
the researdi pro^ss. Tlus «H11 be followed by some tips on experiraental 
design and on {banning in general. One ^ our first obj^v^ will be 
to get you to your task as a wfaote, so yw will be aUe to evaluate 
your state of impress as the prefect moves toward completion. S<mie 
specific tedmkiues of research mil then be discus^, to enable you 
to select ones that can be applied to your situation. 

It is a^un:^ that you have had at least a first course in a^bra 
aiul one or more introdut^iy courses in sdence. That idiould be adequate 
preparation for you to re»i and understand most of the material in 
this manual* Parts of CSiapters 5 and 6 are matl»matical« and you may 
not be sufficiently preiMtred to undmtand them con4>letely on first 
reading* If tluU slunild be the case» do not let it stop you from reading 
the r^ of the maou^ and being guUled by it, counting on the fact 
that your umlerstamfing of analy^ and statistic measures wiU improve 
from subsequent stwiy* 

As a first step, a {m>f^ional rot^rdier searches the {NiUished 
literature to sm whether a study he proposes to undertake has already 
bmn made ami die outcmne adequatdy reiK)rted. You should of course 
make an effort akmg that line* However, since you are not likely to 
have access to aU of the literature on your toi»c, if it should turn out 
that you arrive at omclusiiMis already estaUidied through earlier work, 
that is not necessarily biKl. Your preMnt effort is largely aimed at **how 
to do it.'' 

There is a classic true story of a physics professor who, while watching 
the light fireflies one summer r^ght, was exdted by the thought, 
what is its sp^nun? So he hired some boys to catch firefiies and 
spent some time rigging up ^paratus, and then he had another thought: 
has this stilly already been made? To his embarrassment, a few minutes* 
search of the literature revea!fd that it had long since been i^rformed. 

1.2 Cause and Effect: A Model to Pursue. 

If you already have a research problem in mind, it probaMy is one 
that requires discovering or demonstrating a cause^d^ffect relationship. 
You may be inter^ted in finding how one event causra another to 
occur. You may be seeking to understand how a diange in the concentra* 
tion of a certain ion causes a change in some animal or plant population. 
You may be interested in knowing how some environmental factor such 
as temperature, rainfall, or sunlight affects leaf size, stem length, or 
thickness of bark. You may wish to discover or quantify the rate at 
which sand grains ^eep down a slope or a river gnaws at its bank. 

In any case, your project will surely involve you in the keeping of 
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records. A scientist is more than an ob^u^er; he makes records of 
his observaticus. He then analyzes his r^)rded inforniation, seeking 
to uncover the exbtoice of relationships, wUdi in turn may lead him 
to a better UKlentanding or a solution of the pioMem. Relationships 
som^hn^ are revved sim|dy by a series of statements of oteerved 
facts or a)lumns ct numbers, PrcrtaWy more often, relationshij^ are 
reveal^ by giB|rfiing one set of numbers against another set of numbers. 
Stin more inftmnaticm oftoi is obtained by emi^oying some type of 
mathematical modd or ^ttotkal analysis ThuSt through r^ord keej»ng 
and i^rious fcmns (tf analyns of his records a meiu^er solves problems 
and also is aUe to cimimunicate nndings to others in a meaningful way. 
In this manu^ you wffl be expired to grafrfitng tedmiques and to certain 
types of s t ati rt ical anal^s* We h<^ to show you wa^. in which these 
twhniques mi^t be used in solving your particular ret^arch proUem, 
in reporting your flncfin^ and in gaining acceptance of your conclusions. 

U Mechanims of Research. 

You will be presrated in Oiapter 2 with an example of a foimalized 
researdi im>cedure. From earlier studies you may rMognize it as an 
outline of the ''sdentific method," Please understand that it is only 
a generalized framewcMli to help you conceive and sequence the steps 
of your project. A research plan often takes a shape not described 
by this generalized researdi modd. Frequratly a researdi procedure 
is not constm^ed throu^ dte formulation of a hyfKithe^ to be proved 
or disproved* but through the reaction of the existence of a problem 
or the ateenoe of some ncedol information. Quite often a sdentist sets 
out to investigate a problem in his ana of specialization, working with 
the knowledge that what is now known is not adequate. This is termed 
exploratory or bask n^eardi. Research aimed at putting into practical 
use some preWously learned basic kiK>wle<^ is called applied research* 

It will not be necessary to desi^ your procedure so that it exactly 
fits any formalin model Professor Brid^nan of Harvard University 
once described the research proce^ as ^'going at nature with no holds 
barred/' Our aim is to help you avoid spending time devising techniques 
already worked out by otaers. 




Chapt£R 2: 



Research and How it Works. 



2.1 The Research Process. 

The researcher starts with a problem or a phenomenon that needs 
to be investigate. He endeavors to develop a sequent of acticms thai 
he believe will increase his knowledge and nnderstanding. It may con^, 
for examjde, of a of ^tuattons in whidi he is able to alter a 
variable and to observe what happens. The mrat knowledge-producing 
situation b om in which alteration of a varkUe results in changes in 
only one of the possibte other variables. 

Sudi a controlled situaticMi is an experiment. Experiments gerorate 
events, happening, known in the techninl sen^ as fads. A fact, to 
a sdentist, is an event described in the manner of its occurren^. For 
example, if a dense object held at arm*s length is released, it falls to 
the ground. This is an ot^erved fact, which in this case lakes place 
with the observer having had no |mrt in the activity other than release 
of the object. From many falling^bject experiments be may sense, 
without making any measurements, that the obje<^*s speed constantly 
increases. However he may obtain numerical data by devising equipmeni 
that yields the values of displacement attained at equally-spaced moments 
of time. Then by graphiod analysis he deterinines in what matmer the 
s{^ed increases. At a later time he may leara how to account for this 
particular motion from knowledge of gravitation and the laws of motion. 
In this experiment the controlling variable, time, increases independently 
after the moment of release, and the controlled or dependent variaUes 
are downward displacement and speed. Complete analysis reveals that 
true free-fall motion depends only upon gravitational field intensity and 
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not at all upon tl^ mass of the falling object, Exjdoratory research 
of this type has revealed many facets of the operations of nature. 

Some re^arcfa f^jects start with the formulation of a hypothesis. 
This is a statement, an assumption ot a suppo^tion, that under a de^bed 
set of draunMances* a d^ribed result win take i^ce* A hypothec 
may describe the ways in which different variables will or shodd affect 
a particular jdienomenon. It may be an educated gti^ as to the nature 
of a rebUondiip. Hie advantage of formulating a hypoth^^ is that 
it tends to foois the inve^igator's energy in a ^i^e direction, so that 
his effort may be dev<Med toward either acceptance or rejection oS his 
hypcMhMis. If his wori: Irads to rej«^on, he may then formulate a 
new hypoth^s ^d wc^k on it. 

Under some drcumstances the sdentist will procMd <hi the assumption 
of a nuU hypothesis, whkh states that no relatumdiip exists between 
certain variaUes. 

After the scientist's exf^rimoits and t^ts have t^n ^>m{rieted and 
he has formulated his cmidusionSf he publisbes his research and/or 
reads ^'papers*^ at ^entifto sympcma or conventicms of sdentisls. A 
^'contributed'* paper is one cm his own work* wlunteered to be published 
in a journal or ^ven ordly. An 'invit^'* paper is one that has been 
asked for. It frequently comtmies and surveys all of the work done 
in a particular field. 

Eventually, if his findings (and perhaps thtm of oUiers also) stand 
up umler scrutiny and are reprodudble, the result may be the emergence 
of a new scientific taw. Often d^oibed in the form of a mathematical 
relationship, a law is an observe regularity betw^n the variables involved 
in a particular (rfienomenon. A scientific law ^uld not be assumed 
;o be the final word on its subjwt. Its ac^ptance may not last for 
all time, and its accuracy may depend upon how closely the variaMes 
in it are measured. An example is the ideal gas law, PV » nRT, which 
predicts the behavi<^ of a sample of an ideai gas under various pressures 
and temperatures. This law accurately describes the behavior of some 
real gas^ at normal laboratory ^nditioi^t but not accurately at extremes 
of temperature and pressure. 

The ideal gas law identifies the variable and describes the relationship 
among them, but does not explain why a {Articular variable prcKluces 
the described effects on the others. The explanation occurs at a higher 
intellectual level in an all«encompassing statement called a theory. A 
theory serves to explain a number of events that are classified by the 
laws pertaining to that {articular type of phenomenon. Hie ideal gas 
law is one of a number of gas laws which make up a broad theory 
that explains the nature of the gaseous state, the kinetic^molecular theory 
of gases. 
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2 2 FormaUxed Research Model. 

The fvsearch investigate starts with an observed phenomenon th^ 
is not understood or a topic that needs to be studied and devdops 
ideas that le»i to omtrdled expniments. Experiments lead to facts, 
which he observes and xtc^ds, resulting in data. He then emi^ys one 
or mxfft methods of analysis of the data, teading to a tentaUve solution, 
which is one use of the term hypothec. This solute may be found 
unaccepuble or in need of being tested for rejnodadbility. In dther 
case he goes back to more exp^imoitation. He may finally accept the 
hypoth^ as a solution to Uie ori^nal quests and announce it as 
a a>Qcltt«(m. 

Hiis r^eardi modd or flow pattern wcHild Mem to indicate that researdi 
activity tends to Inreed more resear^ activity, v^iich indeed often is 
true. Your task in designing the parts and steps of your project is to 
approach the j^ol^m in such a way that your actions prc^i^ from i 
the phenon^ncm to be invest^t«i to its explanatk» in an orderiy and 
cfftdent fa^iicm. It is crwially important not to ov^<K>k a factor that 
affects the final result. Erratic final vahies that seem to have no 
explanation can be indic^ive of ibc pr^mce <tf su^ an overlooked 
or unrecognized factor. 

2.3 Comparative Studies: A D^ereni Approach. 

You may have become interested in exploring a type of situatioa 
in which rantit^ed experiments are not an approjaiate means of discov- 
ering a rause-and^ffe^ relationship. You may Med to examine a situatioa 
in which it is impossible or impractical to control the variables. Such 
a proUem occurs when one tt«^ to examine t^ behavior of pec^le 
or events that are very complex in scope or lature. For example, suppose 
it has been found that in a secti<m of a farming community, nrtain 
farmers have experienced los^ of their cro|» due to some unknown 
cause. Oearly it would be much too difltcult a task to control and 
vary all possible factors Uiat might lead to a crop failure. Therefore, 
to identify the cause of the jwoUem it is necessary to employ some 
method other than the experimental one. 

One method takes the form of the experimental approach in reverse. 
This method b based upon measurement of the effect normally <»n^dered 
to be the dependent variaUe while search is ma(te for the cause. The 
logic employed involves searching for one factor that is common to 
all of the cases of failure. Then it is possible to construct a hypothesis 
that this common circumstance is, in fact, the probable cause of the 
pheoomenon or is related to it. 

Let us aj^y this line of reasoning to the situation of the crop failure 
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in 8 farming ccnnniunity. Suppose investigation of the fanning methods 
employed indicated that a wide range of techniques were used. However, 
all of the farmers who bad experienced ctt^ failure had purchased a 
fertilizer frcmi the same dealer, and in every instant where crop failure 
had oMiurn^t fertilizer from the same ^pmeot bad been dssiributed 
in the fields* This wcmld lead to the hypotha»s that this fertiUzer may 
have bees Uie cauM €>f the loss of the crop. To test the hypothec, 
the invest^iatCMT would seek to show that no aop failure occurr^ where 
fertilizer from another source had been used. If this were found to 
be the case, the evidrace would be very strong for saying that the 
»ttse of tiie crop failures was tied in with the feriilizer from thi$ particular 
dii|»nent. It amid also lead to further research including analysis of 
the fertiUzer shipment in question. 

In the above d^^bed example there was a perfect ^Kmlination 
between cause and eff^. This example was used to illustrate the principle 
of 1(^ involved in establishing cause^and-effect relationships. In practice 
such a clear-cut relationship seldom presents itself. Instead, the researcher 
is ^Nif routed with treads and tendendra and erratic examples of relation* 
ships betwMn events. It is therefore nectary for him to have a way 
to determine, by a measurement pro^ss, the extent or degree of a 
temtency. Luddly such measures do exist. It is p<^ble to calculate 
statistic^ measures which numencally state the likelihood of the existence 
of more than a cdnddental relationship between two events. We will 
return to the calculation of these statistical meastires in a later section. 
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Chapter 3: 



Planning Your Research Project 



3* 1 7%e Importance qf Plannir^. 

To achieve the kind of result you desire you mU have to do some 
jdanniag. great accomplishments of mankind, ranging from the 
building of tl^ pyramids to the {facing of a man <»i the moon^ have 
aU required mt^ more than sdution of the engfaieeruig proUems invcrtved* 
They have required very com|4ex (dans to temg alxnit the pn^r sequence 
of events needed to carry out the im>ject. Your Itrst rcMardi project 
may indeed aiH>ear to you to have the magnitude of tmilding a pyramid 
when you h^ak^ and possibly you may be evoi more aware of its 
magnitude when you have flnish^! 

It is nece^ary for yw to anticipate a s^uence of events that may 
lead you to your final g(^ and to start with it even though th^e is 
some probability that developments may dictate some change in the 
sequence as you move ahead. A m'jtake to avoid is operating i^dtbout 
looking forward to the prol^ble subsequent steps. Indeed, you should 
not make use of parts of this manual without reading through all of 
it first Otherwise you may find yourself dealing with hindsight and 
needing to go back and rework parts of your project. 

3.2 Activity Planning. 

The development of an activity plan for your project should be 
considered. A logical approach is to identify all the steps that you think 
should lead you from the beginning of your work to its completiofl 
and to review the resources required to carry out these steps. Some 
(banning options might include outlining, listing of events in seque&ce. 
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Figure I , Ptamuog Scheme Tor BoUi^ an Egg. 

aod designing of data tables or charts. At this p<Mflt it may be useful 
for you to kK>k at some techniques that can be Arrowed from existing 
systems of {banning. 

You might consider a planning technique employed by management 
ofticials in large corporatioDS to bring about a com^rfex chain of events/ 
As an example, Figure 1 outlines the steps required to boil an egg. 
The lines in the diagram represent activities that lead toward complete 
goals* The number above each line is the number of time units allocated 
to Uiat activity. The letters endoMd in parentheses identify the ^mpleted 
goals. The time units are minutes in this particular examjrfe. This fdanning 
scheme (perhai:^ rather generotisly) allows one minute each to locating 
a filling it with water, ami pladng it on the stove. Son^time during 
thi^ three minutes the stove is switch^ on. Three nunutes later the 
water has come to a boil and the egg is droi^ml in. In another three 
minutes the egg is soft boiled and the stove is switched off. The overall 
time for carrying out the project is indicated by the pathway with the 
greatest total of time units. While the development of some plan for 
your proj^ will be essential, it may not be necessary to formalize 
your plan to the extent shown in this illustration. 

It is likely that your project will undergo changes as it proceeds. 
Unexp^ed developments probaUy will cause you to alter some methods 
of oi^ration. You may as well antidpate tmexpected problems. Thus 
you will approach the project with a realistic mental attitude* It has 
been said, ''No matter how much you jrian, something will always go 
wrong somewhere.^' An advantage of having a plan is that it allows 
you to know how far along you are at any time, and the persj^ctive 
it gives will help curb any frustrations that may develop* 



'Aaibooy L. laiuiOQe, Managemeni ftogram Pfenning and Control with PERT, MOST, 
and LOB (Eogiewood CUffs. N J.: Prentice Hall, Inc ^ XWI). pp. 7-3S. 
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Chapter 4: 



Getting Help 



4.1 Asking for Hefy. 

It is not uncommon for professional researchers to seek ndvice from 
others. The enterprising researcher will foster good working relationships 
with many types of professionals. He usuaUy has to confront so many 
comi^x proUems involving en^eering, roath<jnatical computations, 
library searchers, and field work that U is unreasonable to e%pe&. him 
to have expertise in all of these areas. People not directly engaged 
in r^eardi can often provMe valoaUe asnstance and equtponent. There* 
fore, a wise researcher recognizes when his project will be benefited 
by outside help and knows how to go about obtaining it. 

4.2 How To Ask. 

If you already know people who can help you, do not hesitate to 
ask for their advice. If you must seek help and formal communication 
is required, some suggested guidelines are: 

1. Don't ask for help until you have exhausted your own resources. 

2 . Spend enough time thinking and reading so that you can »k specific 
questions. A letter that in effect says "please send me everything 
you have" tends to make its recipient feel unable to help. 

3. Inform your consultant of your background and school level so 
that he can gear his response to your degree of preparation. 

4. Ask early (perhaps for an appointment) and give your consulUnt 
time to reply at his convenience. A desperate last minute request 
may not bring an answer. 

5. Ask to borrow equipment only if you have an established relation- 
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ship with the person or institution being contacted. 
6* A letter of thanks is always apj^^dated.' 

4J fVhom To AsL 

If you are unsure about >.hom to ask or where to write for advice, 
some suggested procedure iadude: 
DesoiNng yom ^tuation to a teacher. 

Making contact with the ap)m>priate ^ea^ department of a nearby 
a)Ue^ um^rstty, or industrial organization. 

Detmnining whether your ^te has a ^entific organization or academy 
of sdence that proviites such hdp and coomiunicating with it. 

Visiting neari)y museums that feature sdentific exhibits. 

4.4 Giving Credit Far Hdp Received. 

If, after completing your project, you present a '^paper** describing 
it and your fmdings, give credit where cr^t is due. You may be called 
upon to state how you became aware of the topic. There is no need 
to be reluctant about stating the amount of help you may have received, 
for as stated earlier in Section 4 J, it is quite common for professionals 
to employ the advice and help of people who are sp^ialists in various 
fields. 

Some of the research inv^tigations attempted ^ completed by high 
school students are quite modest in nature, founded upon the researcher's 
own curiosity and carried out with rdatively simfde equipment. On the 
other hand, some students have carried out projects that employed 
advanced ctesigns si^^ted by a teacher <^ a dentist or engineer in 
the community. Perhaps the researcher was also aided by the use of 
rophisticated and expensive apparatus, either borrowed for use in the 
home, field, or school, or employol on the premises of a nearby institution. 
All levels of sophistication have their place in research and none should 
be regarded as being any more or le» creditable than any other. 



'Charteae K. SwitUng. ed.. Handbook of fht North Carokna Siudtnt Acadtmy o/Sarnre 
(Raleiab. N.C.: N. C. I>epartinen( of Agficuliurc. 1964). pp. $-9, 
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Chapter 5.: 



Data Analysis 



5* 1 Construction of Tables of Data. 

While an experiment is in progress a scienUst records events and 
numerical values^ and this record becomes a body of information called 
data. He then analyzes this information and thsxmgh the analysis reaches 
condussoos based upon the relationships ot^rved between the factors 
in his experiments that varied or were variable. 

It is desiraUe for the data tables to be clear and unambiguous. Tht 
simplest data table consists of three columns and a number of lines. 
The flrst cdumn frequently will be heacte^i 'Trial Number/* and that 
column indicates the eveots m steps that took plac%. The next two 
columns give information about two variaUe quantities. Each column 
is headed with the name of the variable quantity and the name of the 
unit of measure appropriate to the numbers in that column. The Hrst 
column indicates values of the independent variable* arbitrariJy deter* 
mined and set by the researcher. The second column lists values of 
the depeudent variable, obtain^ by count or read from the scale of 
an instrument. 

Figure 2 is an example of a simple data table. It records an experimeot 
in which a fixed amount of a gas is made warmer in ten unequal steps 
of temperature. The gas is allowed to assume a new volume, at each 
step, such that the pressure is unchanged. The data table shows that 
as the temperature is increased, a progressive increase in volume is 
required to prevent an increase in pressure. 

The words atwve the data table constitute a descriptive title, more 
technically known as a caption. Note that the words in the titJc are 
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in agreemeat with the following guidelines mrommended for composing 
a title or caption: 

1. Start by naming the dependent variable. 

2. Conclode with the name of the independent variable. 

3. Use wonte that identify what the relationship is. 

4. Do not include units <^ measure. 

There are occasions whm a tat^ of data con»st8 of many columns 
and rows. Figure 3 may be taken as an example. This table is used 
in an experiment draUng with Ohm*s law. Hve r^istors are li^ed by 
rated value and tolerance in manuf^ure. Columns 4, 5, and 6 are used 
to rea>rd the number of cells employed in examination of eadi r^ustor 
and the numerical valu^ of multant observed oirrent and voli^; 
both of these are de[»ndent variaUes. The flnal thr^ columns are for 
calculated values and these are separated from the first six columns 
by a heavy line.' 

Having stiulied th^ samjde dau taMes to ^t ideas for logical formats, 
you shoukl use your creative talents in deigning tables for your 
experiments. Your tables of original data emprise an important part 
of your project* and the skill you show in constructing the tables will 
be a measure of the quality of your research. 
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Figure 2. Examj^ of a Simple Data Table. 



^Sherwood Oitheos. Jr., aad Bernard D, Toan. Teochers Manual for Quantitative Physicai 
Science, 2 vols. (Dorham, NX.: Moore Publiahmg Cofii|iany, 1976), I; 225-27. 
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Figure 3. Ejumple of « Mftny-Columoed Data Table. 



5.2 Graph-making Techniques, 

An aoalytkal tool used very often in re^arch is the graph. Through 
its positim and shape, a graph line reveals pictonally the nature of 
the relationdiip that exists between two «-ariaUe quantities. The graph 
is in a sen^ a picture that heli» you gain more bformati<m from the 
numbers r^rded in 3 our data tables. It usually communicates more 
effectively than the numbers. The conventions of graph making are 
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Figure 4. Crapliical Cooveatioos and QuftdranU. 
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dem<»i8trBted in Hgure 4. A faOTizontal tine called an axis has a scale 
that ri^ in value to the right. The verUoU axis has a scale that increases 
in value from b<Mt^ to top (b^cMiMs ie^ n^ati^ and more p<^tive 
upwards.) In thb) illtistratira <tf gra]rfiing t^haique die zero of each 
scale has been positioned at the point where the axes intersect. Axes 
thus scaled div&Ie the surface into four parts railed quadrants. Conven- 
tionally these are nambered I, II, III, and IV, as shown. Almost always 
the numbers on the horizontal axis stand for valu» the independent 
variable, whkfa in the general case is dedgnated by the letter x. Those 
on the vertical axis represent values of the dependent variable, y. Every 
point m the $t&fh suriTace 8imttltane<Nisly corr^xmds to two numters, 
read by proj^on against the two scaled lines. A smtiU table in Figure 
4 shows the dgns of the valu^ of the points in each quadrant. The 



Wwm of a Snpia of a fiat at CmttMt 
^THstire, aa a risictlM of Tet^tntara 



I 100- 




200 300 
Teoperahrc In K 



FigttfC 5. The dsU of Fig. 2 grapfaed with the zeros of both scales located at the intersectioc 
of nxes. 
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form (x, y) is emfrfoyed for labelling the points: the x value is shown 
first, foUotrad by a 

Figure 5 is a gfapb of tte data of Figure 2 plotted in quadrant I 
with the 0,0 pomt located at the interse^icni of tl^ axes. N^Mtce that 
tbe ten pdnts are crowded t€;^tlier« so that ^taUishiDg the gr^ tine 
is difncutt« It is ncH dear wlmther tiie line is Mraiglu m slightly curved, 
or if extezuled would or would not pass throu^ the 0,0 point. However, 
a perspective b gained <m tte ovmO ran^ of the expnimental mMrore- 
ments. This gra{di indicates a ne^ furtter experimcatation at lower 
temperatures. 

Figure 6 is a grafrfi of the same data udng ex{mded amies ihat do 
not start with z»o at the immeoion of the axes. The relatkmslv is 
now seen to be linear, and ^aphical det^minatt<»i of the value ^ its 
slope is made easier. I^gure 7 is Bgure S re-drawn' using knowtedge 
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Figure 6. Tbe dau of 2 s^apbed employing expand^ scale. 
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gain^ from Figure 6: that the relationship is linear, and an "educated 
guess" that when the line is extended it passes through the 0,0 point. 
Hiis process of exten»on is called extrapolaiion. 

Eadi axis is labdled with tht name of the quantity it des^bes, followed 
by the name of the imit effi{doyed. Oraj^ are titled in the same form 
as are data tables: "dependent variaUe ... as a function of iiidependent 
variable." Hie oon^^tions that have be«i des^bed are widely follow^ 
and yon will itnd it u^itl to onploy them so that your work will be 
easily ufiderst(X>d by other researchers. 

UsuaUy your data will not call for showing all four quadrants. In 
fact, it is likely that yoor values will aU be positive and thus fall within 
the flrst quadrant. Often you itdll get a more meaningful graph line 
by showily only a portion of the first quadrant, with your scalm not 
including the 0,0 point. Your scales may be^ and end at any value, 

Voluw of « Sample of « Sat it Coostmit 
trtttvt, »t a Function sf Teaperatm 




TtR^ratitre In K 



Figure 7, F^ure 5 re-drawa using koowtedge gained fron Figure 6. 
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30 loflg as they cover the rang^ of value in your data tables aud thus 
ii^ude all of the infcmnation frcHU your experiments* * 

nnaHy^ a mnocth curve should be dra^* It should flt the points 
as closely as posrible, with about as many points lying on one side 
as on the other. It is good practice, as seen dearly in Figure 6, to 
endrde «idi (dotted pmnt, and nxA to have the grafrfi line pass through 
any circle, tmt to break the line at the drdes thus avoiding obUleratioa 
of the pdnts. If the relationshp is found to be linear, draw the line 
absohuely straight with the aid of a straight-edge. Use a French curve 
if it is sera to be curved^ You want the line to show the relaUonship 
and n<H the experimental deviations from it. 

Orafrfis are mo^ easily plottol and values are mmi easily read if 
the major sode graduations are mark^ in uniform steps u^ng whole 
numbers, with several unnumbered graduations between each scale 
number. Usually it is und^irable for the small divi^ons to represent 
an odd number of sub-units, such as 3, 7, 9. I^dmal-type subdivisions 
are best. 

Clearly, usefi information can be obtained frrai graphs. When the 
time a>mes'for you as a researcher to otHdn information from your 
experiments, keep an open mind and be inquUitive. Do not hesitate 
to try various types of graphs in order to gain the best perspective 
of your project. 



5-3 Cun^ Fining. 

Suppose you have deigned and conducted an experiment, recorded 
data, and plotted p<Mnts on a graph area. It is possible that the points 
may be randomly distributed and do not fall into a pattern or a line. 
In that case the experimeot you performed shows no cause-and-effect 
relationship between the two variables you examined. In fact there may 
be none, and you may need to rethink part or all of your experimental 
design. 

On the other hand, if a line form does take shape, indicating the 
presence of a cause-and-effect relationship, you will want to obtain 
a further reilnement of your data by identifying the nature of the 
relationship and if possible, stating it in the form of an equation. A 
skilled researcher can often recognize the nature of a relationship from 
a quick glance at the position and shape o^ the graph line. 

The diagrams in Figure 8 show some often-encountered relationshi{» 
expressed in graphical form. The nature of each relationship is described 
below in words and in equation form. An examination of these shapes 
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F^urc 8. Grapb lioes tiuil repfeseol various rctukmslups* 



and their desr-^tions shotdd give assistance in deriving an equation 
that sununar the product of your research. This process is odled 
curve fitting, lu the equations below* x and y are variables and a, b, 
k, m, and A are constants. 

(a) The line passes through 0,0 and the slope is constant and positive. 
A direct proportion is indicated. The ratio y/x is constant. A 
test for direct pro{K)rtionality is that if one variable is doubled 
or tripled, the other one doubles or triples. Equation: y ^ mx. 

(b) The line does not pass through 0,0; y increases linearly as x 
increases* There is no proportionality; y is {K)sitive when x » 
0 and the slope is constant and positive. Equation: y ^ mx 4- 
b. 

(c) y increases as x increases; the slope is positive and increases 
as X increases. If y/x^ is constant, the curve is parabolic and 



the equation y = ax is quadratic. 
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(d) y increases as x increase; the slo{^ is positive and decreases 
as X increase. If y'/x is constant, th^ curve is parabdic and 
y* a ax. 

(e) y defeases lineariy as x increases. The shpc is negative and 
constant; y « mx + in which in is Mgaxive. 

(f ) y dwnas^ as x ino'cases; the slope b negative and d^eases 
as X increases* If the |»roduct xy is constant, an inverse proportion 

is indicated: y » — ami x « — ♦ 
X y 

(g) y is always negative, and its absolute value ]s directly proportional 
to X. Tl^ dope is constant and negative; y mx, in which 
m is negative* 

(h) y is native aiul berames more negative, and the slope is negative 
and become more negative, as x increases* 

(i) y is constant and positive. The slope is 0, and y is not related 
to X, 

(j) y is ^>nstant and n^ative* The dope is 0, vid y is not relate 
to x« 

(k) Random distribution; no Une form, y is not related to x, or x 

is iK)t the only variaUe that determines y. 
(1) y altematdy pc^tive and i^ative, slope also alternately positive 
and negative, in a cycUc pattern. If y « A dn x, this curve 
shape is calted a sinusoid. 
It is ht^|)ed that th^ Mam|dra will stimulate your thinkii^ pro^ses 
and re^t m your beai^ able to express experimental r^ults in equation 
form when Uiat is appropriate. With time ^kI practice a researcher 
gradually de^^Iops a feel for the equi^tions that represent many graph 
forms. If ymi wish to probe deeper into this tcpic, omsult a textbook 
on analytical geometry* Incidentally, note that Figure 7 corresponds 
to curve A* indicting a direct proportion between vdume and temperature 
at constant pressure. 
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Chapter 6: 



Statistical Measures 



6 A When Staiisiics Can Help. 

For some types of research invest^tioos the forms of graphical analysis 
described in Chapter S are insuffident or not applicable, and analysis 
of a stati^ical nature is more appropriate. Generally, statistical measures 
are us^ when the primary information is so voluminous that one must 
resort to samfirfing and analyzing a sami^ rather than the whole. Statistical 
analysis is also us^^ to compare two or more sets of primary information 
with respect to a certain vaiiaUe. It is very likely, for example, that 
research on the crop failure problem of Section 2.3 would employ 
statistical analysis of the survival of individual plants in the various 
farm crops of that community. 

6.2 Sampling. 

Suppose that one wishes to measure the amounts of various materials 
dissolved in a lake or river. Obviously it would be impossiMe to conduct 
measurements on an entire lake of water. In such a situation one obtains 
a large number of randomly collected small bottles of the water, analyzes 
them chemically and statistically, and reaches conclusions based on the 
assumption that the water in the bottles taken as a whole was a sample 
that adequately represents the entire bc^y of water. It follows that a 
researcher must be knowledgeable of sampling techniques that will lead 
to a truly representative sample. To that end, one needs to know the 
meanings of the words '^population,*' ^'individual,*' and **sample*' as 
they are employed here. 
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The term populaiion denotes all of a group of individuals (persons, 
objects, items) from whidi a sample (a selected number of individuals) 
is taken for statist^ analysis. For instant* if the various features 
of the leaves of tobacco in a Tidd an to be examined^ the populati<Hi 
insists of every leaf in that field. The research^ will protoUy measure 
no more than a few hundred individual leaves from different plants 
as a representative sample, and will statistically analyze the data thus 
obtained. The research conclusions will be assumed to apply to the 
entire crop in that field. 

\^n undertaking tt^ pfowss of samfding, the researcher faces certain 
responsilnlit^ and conskierattcms. include: 

L Identifying the pc^wlation — Before taking the samite it will be 
nectary to ddTme predsely the limits of the total pojHiiaticm 
frmn whidi the mmf^ will be drawn. 

2. Obtainmg a sam{^ of ^equate ^ze — Although no formula esusts 
to prescdte the size <^ the sample for an exf^fiment, it ^uld 
be dear that a larger sample would better rejN'a^ent the entire 
pofHilatioA. The researcher must ultimately decide on a sample 
that is reasonaUy large tnit still manageable for the experiment. 

3. Obtaining a representative sample. 

To ensure a representaUve sample, the researcher must decide on 
a method of sampte choi« that is lof^cal for his particular investigation. 
One method is to choose entries m a randcnn fashion. If a list of all 
individuals in the total pi^mlatiMi can be otHained^ a random sampling 
interval, sudi as every fifth entry, can be apjrfied to the list. Caution 
must be used to insure that no hkklen tnas is built into the population 
list. If the total population can be subdivided into intervab of continuous 
units such as time, distano^, or area, a random sample of these intervals 
can be chi^n by lot. Meaningful exi^rimenution must give rise to 
reproducible conclusions. Therefore the researcher should furnish in- 
formation about his methods of sampling/ 

6.3 Graphic DistrU»ution of a Population. 

As an example, cocisider the following description of the nature of 
a hypothetical random sample of peanuts grown in a particular field 
during one season. The variable studied was the mass of a single peanut, 
and the reseacher*s task was to describe the way nature distributed 
(he property of mass in the Held of peanuts. A problem of this type 
lends itself well to statistical measures; it is not practical to measure 



^Oeobold B. VanDalen. Undt. tianding EdytaihHot RtsfurchiAn tntroducUon (New York: 
McCraw-litU Book Company^ !973). pp. 3tS-24. 
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Mass Distri&ution m a Peanut FomAtfOM 
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Figure 9. Hislc^ram sbowiag the ina» distritnitiOB ia a sample constsUng of 777 peaauls. 



each peanut in one trucklcHid, much less in an entire field of peanuts. 

The researcher Tirst made a type of graph called a histogram. Figure 
9* To do this he decide upon a cla^^^interval size of one-tenth of a 
gram» and counted how many of 777 peanuts fell into each decigram 
class interval* He labelled the x*axis **mass in grams/* divided it into 
decigrams, and scaled it in grams. The y«axis was used to indicate the 
number of peanuts falling into each class* The histogram was then drawn 
as a seri^ of side<'by*side solid columns. 

When a large number of small cla» intervals is us^, it is possible 
to plot points and to draw a smooth-line ''distribution curve** as shown 
in Figure 10* Usually the properties of a natural product will be distributed 
in this manner, clustering around a central point and tailing off in either 
direction, perhaps not completely symmetrically. Both of these types 
of graphs serve as pictorial descriptions of observed distributions. If 
these are not sufficient, it may be desirable to describe the population 
using statistical parameters. The smoothed-out histogram of Figure 10 
should not be confused with a later-^scussed frequency distribution 
curve that is mathematically computed using statistical i^rameters. 
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B4IT10N IN A PeAWT 




6.4 Statistical Descriptions of a Population. 

Often it is found useful to describe a distribution in numerical rather 
than graphical terms. The range of a variable is the difTerence between 
its hi^est and lowest values, and this difference often is described 
by staUng those values. In the case of the peanuts, the range in mass 
value was 2.9g and the largest and smallest values were 3.9g and 1.%. 
respectively. These values are found at the extremes of the curve of 
the smoolhed-out histogram. Figure 10, as well as in Column A of Figure 
11. 

There are three statistical measure of central teodei.cy called arUhmetic 
mean, median, and mode. The arithmetic mean, sometimes symbolized 
X, b the sum of all of the values divided by the number of values. 
Id our peanut example this is 1,68 1.8g divided by 777, or 2.16g. (This 
is often called the average value.) 

The mode is the class interval or individual value that occurs most 
often. On the peanut histogram. Figure 9, the mode occurs at 2.2g, 
with 82 entries falling in this class interval. 
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The median is the middleaiost ilcm in a dislribuiion. In the peanut 
example ihc median lies between 2. 1 and 2.2g. which is found by dividing 
T77 by 2 and by counting to that number in Column B of Figure 11. 

Two other relatively simple calculations result in measures of dispersion 
about the arithmetic mean. Average deviation is obtained by summing 
the absolute values of the differences between each individual value 
and the arithmetic mean, and then dividing by the number of values. 
For the peanuts the average deviation is 0.35g. Percentage deviation 
is obtained by dividing the average deviation by the average value and 
multiplying by 100. For the peanuts, this works out to 16%. This is 
a more signiTtcant statistical measure than the average deviation because 
it is a ample and direct measure of the degree of spread in a population 
of values. For example, if you were to weigh a hundred pennies using 
a sensitive balance you would fmd their mass values to have a percentage 
deviation of less than 1%: the stamping machine does a much belter 
job in regard to produM uniformity than does Mother Nature. 

The five sutistical measures just described are readily calculated and 
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Figure II. Stsiistica! dati related to the mtss values of a sample of 777 peanuts. Column 
F values obtamed by Method of Moments. 
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Figor* 12. CumtthUve pcreenUfte curve based opoo d»u ia Fig. U. (Column E values 
{Honed again C^umn A vatttM.) 



quite useful, but the researcher also from time to time needs to make 
some calculatioiis that are i bit more sophisticated in order to get measures 
of "skewness** or asymmetry io a distribution of valu^, as well as 
other types of information. The numbers in columns C, D, E and F 
of Figure 1 1 constitute the data for the statistical measures to be described 
next. 

6.5 Cumulative Percentage Curve. 

Statistical measures of a nature more sophisticated than those just 
described can be obtained by Hrst constructing a cumulative percentage 
curve. 

To obtain such a curve, one first determines running totals of the 
individuals in the sample and then calculates cumulative percentages. 
For example, the Column D values in Figure 1 1 were found by summing 
the numbers (n) of individuals in Column B up to and through each 
class interval. Thus, there were 36 peanuts in the first four class intervals. 
Each Column E value was then obtained by dividing each running total 
by the total number of individuals (777) and multiplying by 100. Thus, 

4.6 percent of all the peanuts were in the first four class intervals. 
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Figure 12 shows the resultant cumulative ]>ercentage curve. The graph 
line starts with zero percent on the x-axis at the lowest class interval, 
trends upwanl mort and more rapidly^ and tten flattens out at the 100% 
level and the highest class interval 

6.6 Frequency Distribution tnised on Cumulative Percentages. 

The cumulative i^r^ntage values are then tis^ to obtain ^^ frequency 
distribution curve (mathematically, the flm <terivative of the cumulative 
percentage curve; in other words, a |dot of the slope, at each point, 
of the cumulative percentage ouve). 

The slope at a partioilar point can be olHained in dther of two ways. 
These are Msentkdly identiod exce{^ that <»ie emi^oys graphical con* 
stniction (in i^dple if not in fa^) plus ^culatimis, while the other 
employs adjacent numerical ^ues from the data taMe and calculations. 
Tbesr 'recesses are known respectively as the Method of Tangents 
and < V Method of Moments. 

The Method of Tangents is illustrated in Figure 13. In prindple, one 
draws a tangent at each iH>int on the cumulative-percentage curve and 

/I 
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Figure 13. Detennijiatioii of slope (Ay/Ax) by Method of Tangeou. At x » i.8g« 
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determioes its slope, the ratio of rise to run, so to speak, designated 
as Ay and Ax, respectively. To av«d making a large number of construe- 
tion lines on the graph paper one can lay a transparent triangle in a 
tangential po»Uon apinst each plotted point, and then sUde a second 
transparent right triangle along the tangent line, oriented as shown in 
Figure 13, endeavoring to find a location such that either Ay or Ax 
win equal a whole number of divisions (which will make the calculations 
simpler.) In any case, one reads off pairs of values of Ay and Ax. 
The ratio Ay/Ax is a measure of the slope at that point, accurate within 
the limits of measurement ami calculations. 

The Method of Moments employs adjacent values. This method is 
best described through a numerical example; In Column E of Figure 
11, the percentage values above and below the value 36.7 are 47.1 and 
29^3. Their difference. Ay, is 17.8%. They correspond to a span of 
0.2 grams, whidi is Ax. Therefore 



Ay (47.1 -29.3)% 17.8% 
Slope » — — *■ 

Ax 0.2g 0.2g 



89.0%/g. 
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Figufe 14. Distribution of mass values derived ffom ««inulative percentage curve of mass 
vstues. 
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However, in this example, it is more suitaUe to have values '^per 0. 1 
gram,** ami so the value written in Column F is 8.9%/O.lg, ooe-tenth 
of the above vahie. 

Figure 14 is a cmve based upon the values in Column F of Figure 
1 1 i^otted against tlK)se in Column A. The pdnts do n<M fall as smoothly 
in a as those in Figure 12 because irr^ulariti^ whidi were of 
minor ^gnificaim the Cdumn D values have become magnified by 
having gone throu^ tw> steps of calculatmi* In prii^f^ the values 
on Cdumn F sbxnM add up to 100%. Actually they sum to 99.3%. 
This is indicative of the variatiMis that can c^p into data as a result 
of ralralatimis based cm numbers ccm^sting of only two ^gnificant digits . 

It is to be not^ that the three measum of central temiency mentioned 
eariier in this diai^ (mean, median^ aiul mode) are readily determined 
from the cumulative percentage and frequency-di^bution curves illus- 
trated by Figures 12 and 14. The mo<te is the x^v^ue that corrrapoods 
to tlie highest percentage value in Figure 14, The median is the x-value 
that correspcmds to the 50% value in Figure 12. The mean is obtained 
to a good a(q)roxtmMimi by employing x* vahi^ at the indicted percentage 
levels and calculating: 

w +^so% + ^B4^ L7g^>2.14g4>2.52g 

Mean « ^ — - s ■ » 2J2g. 



6.7 Standard Deviation. 

A frequCTcy distribution ^*ke that pictured in Figure 14 can be very 
sharply peaked, even knife-edged in shape, or quite flattened out, 
depending upon the degree of scatter in the individual values. While 
M(^r Nature mak» peanuts in widely-soittered mass values, the U.S. 
Mint makM penni^ quite uniformly and a frequency dbtribution of 
penny mass values determined by means of a very ^nsitive balance 
would \x quite knife-^^. A sometimes useful numerical measure of 
variability is called standard deviation. Fundamentally it is determined 
by finding tl» difTerencM between the ii^vidual values and the mean, 
squaring the differences (which produces positive values only), averaging 
the squared different, and taking the square root of that average. 
A reascmable approximation of this **root mean square** value can be 
found grai^ucally by taking the different between the x-values at 84% 
and 16% on the cumulative percentage curve and dividing that number 
by 2. Employing sudi values from Figure 12, 

S,d. Dev. . b»ZJ^J^ = l.SH-l.iH _0_84g_ ^ ^^^^^^ 
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6.8 Symn^try and Skewmss. 

Another statistical description of a distribution has to do with the 
amount of symmetry in the frequency distribution curve; it may be 
symmetrical, or it may be skewed in one direction or the (Hher. Skewness, 
like the standard deviation, can be calculated by means of a complicated 
formula resulting in a number lying betweoi -1 (wfaidi d^^bes a 
curve tailed to the left) and +1 (which describes a curve tailed to the 
right), A truly symmetrical distribution has a skewness of 0 (zero). 

Skewness can be approximated from the cumulative percentage curve 
by a formula shown below and applied to values obtained from Figure 
12: 

Skewness - ^'^^ ^ ^* - - 1.68 ^ 2.52g - 2(2. 14g) _ 
Skewness- . 2.52g-l.68g 

The value -0.07 is d<»e to zero and cculd be interpreted as indicating 
an almost symmetrical distribution of mass in the sampte of peanuts. 
A skewness above 0.3 is consider^ very strongly p<»itive>skewed, 
and a value below -0.3 b a strong negative skewness. You may wish 
to include the skewness value in a description of a population because 
this value will communicate the nature of your results to other scienti^ 
in specific terms. 

6.9 Prt^abitUy Distribution and Kwtasis. 

If one were to toss ten penaies many thousands of times and after 
each toss count the number of heads that show up (raiding from 0 
to 10)t the data thus obtained would result in a symmetrical, bell-shaped 
probability distribution. The most probable event b that 5 heads would 
show: less probable, that 4 or 6 would show, and still less probable 
that 3 or 7 would show, and so on. The plotted points in Figure 15 
form curve B which closely approximates the anticipated probability 
dbtribution. 

Kurtosis, k, b a num erical measure of how peaked or flattened a 
dbtribution curve b when compared to the probability dbtribution. Curve 
A of Figure IS b more peaked and has a k value greater than unity. 
For curve B, the k value b unity. For curve C, k b less than unity. 
Kuitosb can be determined by the formula shown below and applied 
to valu^ obtained from Figure 12: 

X^^ - X,^ 2,95 - 1.25 ^ ^ 

' 2,44 (X„» - X„») 2.44(2,40 - 1.85) 

The number 2.44 b a constant for thb calculation that yields a k value 
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l^mttr of Htt s Staring p^r Toss 

Figare 15. Onidiical iles^q^km of kuftc^. Plotted p^td ^tow (ttqncncy of occtimace 
of 0 to 10 lieads when teo pcajiies are tossed 777 times. The potats mrre^&d doiely 
to (he flAtkapated probability distribtitkm for which k « 1. For A, k > 1; for C, k 
< I. 

of 1.00 when applied to a probaHlity distribution. The result shown 
above, K2S, indi<^tes that the peanut mass distrilHition is more peaked 
than a pure probability distribution. 

6« 10 Comparison of Two or More Distributions. 

Hie statistical measures described thus far: range, mean, median, mode, 
standard deviation, skewness, and kurtosis are adequate to describe 
a distribution quantiutively. By use of these seven parameters the 
distribution of a property such as mass in the example of a peanut 
crop can be describe. 

Suppose it is desired to study the effect upon a peanut crop of some 
influencing factor, such as total rainfall per season. A way to do this 
is to employ values related to a number of crops. Their mean values 
of peanut mass can be taken as measures of ''effect/* assuming th^f 
the larger this value, the better was the crop. Statistical comparison 
of the set of mean mass values with the amounts of total rainfr^ll will 
reveal the degree of correlation t^tween crop quality and rainfall These 
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numbers can also establish a measure of the amount of mass improvement 
produced by a certain amount of rainfall. 

However, a subtle consideration must be recognized in connection 
with calculations of this type. In the example case dted above, the 
rainfall values ate nmple totate, while the mass valu^ arc based upon 
sampling. There is a chance that the mean mass values are to some 
extent erroneous because too small sample sizes may not precisely reflect 
the amounts of rainfall. This omk^h b^^cHiies more acute as sample 
size becomes smaller. For example, if such calculations were based 
upon samples of only ten peanuts, one could n^ have much confidence 
in the flndings. Their truthfulness would be in doubt. 

SUlistical operations exist that will reveal the level of confidence 
that can be attached to the resulu of such calculations. Generally, 
researchers prefer to de^ experiments so that their confidence levels 
exceed 95%. For additional reading in this area, consult a textbook 
on sutistics in secticHis pertaining to the "T* test or Chi square test. 

6. 1 1 Cottcbtsion 

In this chapter you have been presented with a survey of some statistical 
measures that are empioyed in research. At first glance the procedures 
employed may appear highly mathematicai, but really, only arithmeUc 
is involved, and the alphabetk; symbols that you have seen in the preceding 
sections are used only as gmdes as to what arithmetic steps you should 
take. It may be that your particular researdi problem will not require 
any sutistical analysis. If it does, the guidance given here may be 
adequate; if it is not, seek some explanatory help. 

LiMd Kelvin once said, "I often say that when you can measure 
what you are speaking about and express it in numi^rs, you know 
something about it; but when you cannot express it in numbers your 
knowledge is of a meagre and unsatisfactory kind."" 
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Charter 7: 



Instrumentation Employed in Research 



7. 1 Cenc'^al Considerations. 

We turn now to the tnsiniments employed to obtain numerical values 
to be entered into data tables. Much research equipment is standard 
and can be borrowed or obtained without great d'Ticuhy. Some of the 
equipment emi^oyed in research is specially constructed for specific 
purposes and may be very sophisticate in design. Figure 16 contains 
a list of the quantities most frequently measured^ together with the 
primary metric and British units for these quantities. Then in Figure 
17 a list is presented of the devices commonly employed to make 
measurements in the sciences. 

7*2 Metric Measurement. 

Whenever possible, metric units should be employed. For each mea- 
surable property there is a primary metric unit called an SI (Systeme 
Internationale) unit, plus a number of alternative tmits that are larger 
or smaller than the SI unit by factors or multiples of the number ten. 
For example, the SI unit for length is the meter, and the cm, dm« 
mm, km, etc are alternative units. Column 1 of Figure 16 lists the more 
common measurable quantities. Column 2 names the SI units, and Column 
3, alternative units which make up a system based upon the centimeter, 
gram, and second of time. Column 4 lists British Engineering units. 
Each of these columhs describes a coherent system of units: each system 
was created by starting with three units arbitrarily chosen with respect 
to size (mks; cgs; foot, lb(force), sec] and then making combinations 
of the Hrst three to create the other units of that system. 
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Figure 16. Princi|»l uatts of tbe SI. cf^ and Brilisb EngiMoiag systems. 

In practice, measuring luitruments ajre scaled in units that are conven* 
ient in use. For example, rulers are scaled in inches and centimeters 
rather than in feet or meters. Consequentlyt laWes of daU very commonly 
are expressed in alternative rather than in SI units: for example, grams 
rather than kilograms. Some journals that print research articles now 
ask that all values be expressed in SI units followed by suitable powers 
of ten, regardless of the units in which they were initially measured 
or calculated. Other journals are willing to acceiH values in alternative 
units because in many cases the magnitudes wiU be more readily 
understood. 

Therefore, collect data and ubulate it in whatever units you find 
convenient to use, such as the units in which your instruments are 
scaled. However, the calculations that follow the daU-taking sliould 
nearly always be performed with the quantities expressed in one of 
the three systems shown in Figure 16. 

7.3 Number-Producing instruments. 

Figure 17 first lists a number of measurable properties and men names 
instruments designed to measure them directly. 

It should be noted that some of the listed quantities can also be evaluated 
by employing instruments that measure quantities that 8 re more primary, 
and then employing arithmetic. Here are some examples: 

Area; Two measurements of length, followed by muhiplication. 
Density: mass and volume, followed by division. 
Pressure: force and area, followed by division. 
Electrical energy: power and time, followed by multiplication. 
In choosing the instruments for your research you should pay attention 
to the following considerations: 
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F^sre 17. Instnunmts for measuremefit of varioos common quantities. Qualifying sute* 
mefits supplied ia some cases so avoid confusion. 



Range of measurement. 

Sensitivity — the smallest value-ilifference detectable. 

Accuracy — amount or percentage of incorrectness in a particular 

reading. Note that this ollen varies at different iK>ints in the calibration 

range: this is true particularly in electrical indicating instruments and 

thermometers. 

The catalogs of equipment suppliers often supply useful information 
on such characteristics as those listed above. Textbooks and technical 
manuals may also yield helpful information* 

' Each instrument should be read to as many significant digits as its 
scales will permit; however, remain cognizant of the fact that its accuracy 
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of calibration may not be a$ great as the closeness of measurement 
implied by the signifK^nt digits. 

7.4 Research EquipmaU in General. 

Observational devices that are not of the aumbei-pnMludng type sae 
often employed io researdi. These indtide the (^tical microscope, 
electrcm microscope, tel^cope, and many photograi^ic devices. 

Your research may require the use of chemical glassware, such as 
glass tuMng, rubber or neoprene tulring, ele^rical or gas heating «iuip> 
ment, etc uui perha|» a vaoium pump. 

Research perfimMd in the field may require transportation by car 
or boat, the use of flashlights, etc. All such factors should be thought 
of, list^, and |Mi>cured before starting the research, to insure that when 
you are f»Tt way through y<Hi are not sto]^>ed through the lack of necessary 
apparatus. 
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Chapter 8: 



Experimentation Involving Animals 



8. 1 Seriousness of Experiments on Animals. 

ExperimeataUon with vertebrate animals can have serious conse- 
quences if it results in needless suffering. It can arouse serious moral 
and legal objections from the public. It is the researcher's responsibility 
to justify exiwrimentation on the basts ^ its eventual worth to maniund. 
This type of researdi should not be pursued unless its value clearly 
outweii^ any distress caused to the animals. 



8.2 Guidetlttes on Use of Animals. 

Fortunately, guidelines exist to aid researchers in this sensitive area. 
The following statement appeared in the 1974 Handbook of the North 
Carolina Student Academy cf Science. 

The tmstc aims of experiments involving animals are to achieve 
an understanding of life jHOcesses and to further man's knowledge. 
Such experiments must 1m; conducted with a respect for life and 
an appredatiott of humane considerations that must be afforded 
all animals. To assure Uumane treatment of animals, a qualified 
adult supervisor with training in the proper care of laboratory animals 
must assume respon«tMlity for the conditions of any experiment 
involving live vertebrates. Experiments involving the use of an- 
aesthetic drugs, pathogens, ionizing radiation, carcinogens, or surgi- 
cal procedures must be performed under the immediate suiMrvision 
of a bio-medical scientist experienced in the field of investigation. 
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Also a o^y of Guide far the Care and Use of Laboratory Animals, 
stock number 174(M)343, am requested from the Sut>eniitendent of 
Documents, U.S. Oovemment Printing OfTice, Washington, D.C. 20402. 
The National SdenM Teachers Assodation, 1201 16ih St., N.W., Wash- 
ington, D.C. 20036, may also provide assistance.^ 



^Swillins* Handbi>ok of tk^ North Carolina Studtni Academy of Scknce, p. 9. 
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Chapter 9: 



Library Resources 



9. 1 Library Searches. 

If you have access to a college libiary, you will flnd irany useful 
resources. Still, if a public library in your community is your only resource, 
you should nevertheless be able to loci<>«e material to aid in your project. 
First it will be necessary to become familiar with the areas of the library 
that are likely to be productive. If specific references are not available, 
an awaren^ of applicable catal<^ numbers and sections should be 
aoiuir^ by "bro^^^ing." 

A librarian can provide valuable assistance io conducting a library 
search. A specially trained reference librarian should be able to make 
helpful suggestitms as to appropriate journals and other sources such 
as aostract bulletins and indexes. 



9.2 Possible Sources. 

TTie job may be made easier because of the existence of a publication 
called the Public Ubrary Catalog prepare in New York for use by 
libraries throughout the United States. In it are summaries of ^-t^irable 
books on a variety of topics. Several sections relate to possible research 
situations. These are dasstlkd under the Dewey Decimal catalog number 
507. Some of these books may be found i|i a local Ubrary. The loilowing 
books in particular may be belf^ul: 

Harvard Case Histories in Experimemai Science, James B. Conant, 
ed. and othere. Harvard University Press, 1957 
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Science for Camp and Counselor, by WiUiam T. Harty. ASN Press, 
1964 

The Case for Going to the Moon, by NcU P. Ruzic. Putnam, 1965 
The Scientific American Book jf Projects for the Amateur Scientist, 

C. L. Strong. Simon & Schuster, 1960 
BuUd-it-yowsetf Science l aboratory, by Raymond E. Barrett. DouWc- 

day, 1964 

Science and Common Smse, by James B. Conant. Yale Umversity 
Press, 1951 

700 Science Ej^eriments for Everyone, UNESCO. Doubleday, 1964 

You can quickly determine whether your library has these books, through 
its catalog. 

Another place to survey is the reference section of the library, which 
wiU yield valuable authoritative works in each subject area. Often while 
searching for one i»ece of material you may accidentaUy discover an 
even better resource. Unique solutions to your problem may be found 
by consulting scientists, teachers, and fcUow researchers. 
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Chapter 10: 



Papers and Abstracts 

10. 1 CommmUcation. 

Once the r^eaxcfa of the proje^ is ramplete, it is desirable 
to TOmmumrate the ruults to othen. A common means of communication 
among reseaicheis is the writing and ims»tati<Mi of sdentific papers. 
Various scientific organizations sponsor syn^x>sia in which ri^earch 
scientists meet to exchange informattra alxmt their research. Tliese 
meetings oftra are open to the public or media coverage so that the 
public is made aware of new discoveries in sdence* PubUcati<ms a>ntain- 
ing transcripts of papers, abstracts, and proceedings also rantribute to 
a>mmimicati<m about ha^^nin^ in the field of mearch. 

10*2 Research Reports and Research Papers. 

If a complete report on a n^^earch project is de^red, the following 
outline may be employol: 

1. Title: a concise identification of the project. 

2. Atetract: a stunmary of the main pomxs as described in Section 
lOJ 

3. Proc^ure: a description of the logic and design of the investigation, 
^ven in sufficient detail to allow it to be repeated by someone 
else* 

4. InstrumentattC''' types and specifications of the equipment em- 
ployed; d^cn{. of any equijnnent designed and built for the 
project* 

5. Data: presentation of primary data to an extent that will permit 
confirmation of your calculations. 

6« Analysis: sample odculations (no arithmetic!), graphs, analyses* 
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7. Restilt$: discti^on of fuKlin^; ccmdimons; Unuts of reliabiiUy* 

8. Bibliography: a list of specificaUy pertinent resource material 

9. Acknowledgments: credit given to jwisons ami institutions that 
helped or advi^, 

A pop^ (to be ^ven orally or sent to a tearrod society for publication) 
may also be based <hi an outline like diat above but shoukl not include 
details that an educated auditor or reader can be exp^ed to take for 
grants. For e)tam|^t if reference to proc^we is necessary^ restrict 
it to kientifioitiim of method or type of |»t>cess or test employed. A 
statement like ^'I pcwr^ lO.O m/ of the S percent sdutton into the 
18 percent sdutkm and tte temperature 2 dices'* as a rule, 
too detailed. Graj^ serve excellently to ccmvcy information compactly. 
If a graph, data taUe, diagram, or drawing is included in a paper given 
orally, the speaker ^ouhi to! take it for granted that the audience 
wiU instantly underhand it, but ^ould de^be it. Even though a 
properiy^made graph will have a U^end akmg radi axis, the sj^aker 
should nuiM the depradrat and independent variaUes and state the 
signlHcance of the position ami ^lape of the grajrfi line. In an oral 
presentatimi it is good pdicy to flash a huge number of dides befcre 
the aiKlience, but to use no more than neoe^ary and to talk about 
them. If your oral report requires the use of any fai^y specialized 
words, i^ne them. Conifer yourself to be teaching the audience what 
you want them to know, i^rticularly if it b a high sduK^ amlience, 
assuming that thdr knowtedge is general and is not q>edaliz^ in your 
research area. It is undesiraUe, though legitimate, to read aloud a written 
paper, becatise reading it is mudi less efTe^ive. You can make your 
talk souf^ and bt more nearly spontaneous by using a series of visuals 
and talking atout them. Generally this also makes it more easily 
undeistood. 

There are writing manuals that help in technical writing Considerable 
attention should be given to sentence structure, grammar p< *ing, and 
punctuation. Your cdleagues* opinions of ^nir work wi^ U affected 
by the composition and presentation of your paper. It is legitimate for 
another persi^, such as an EngUsh teacher, to edit your draft if the 
editing is doro in your presence so that you can learn from the experience. 
"Dry runs'* made '^cfoze a critical audience can also contribute to your 
skill developr nt» 

lOJ Writing on J bsu act. 

An important part of a completed research investigation is the writirg 
of a concise statement caUed an abstract. It is through abstracts thai 
the products of research are most likely to disseminated. Think of 
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the at^tract as a first aimouncement that has beeo carefully written 
to convey the essence of what has bMn done and to spur the reader 
to take a closer look if the project is in cme of his ftekts of interest. 

Scientists read and explore bound volumes of ahstni^, sometimes 
old ones as well as new ones. These v<rfum^ are pari of the system 
throi^ whidi the scientific and engineering amununities keep their 
members up^o-date and help tbras avoid re-doing a project completed 
succ^fully years ^rUer. Progr^, new mmcfa, ami new applications 
of existing knowledge result fnm ideas^ queMioos, and even doubts 
sparked in the minds of readers as they tfiumb thrmsgh collections of 
r^earcb abstracts. Therefore, it will be di^irable for you to try to write 
an atetract that fits into this estaWshed syston of communtcation. 

The atelra^ should be no king«r than one-half of an 8-1/2 x 11 
mch page, single^paced* It is not an in-dq)th treatment of the project. 
If it is C(Hisider^ eswntial« the abject of the project may be suted 
but its reason for performance need not be justified. The abstract may 
give soBM information concerning the proj^*s origin or rationale. The 
body of the atetra^ should ccm^t of short, precisely worded sentences, 
outlining what the researcher dM. It identify the quantities explored, 
the variables isolate ami rami^red. and the kinds of analysis em[rfoy^. 
Then, a conclusion is presented, a condse statement of what has been 
learned. The abstract that follows may be taken as an example. It is 
only a suggestion ami <k>es n<K actually represent any picM of research. 
This fOTmat is that emj^oyed in the abstract Uulletins prepared in 
connection with the Army^s Junior Science & Humanities Symposium 
program: 

ABSTRACT 

Name: . Smart. I. M. 

Home Address: 602 Entropy Street. Gtbl^. NX. 

School: Oibbs High School 

Title: Effects of Heavy Metal Concentrations on Mi- 

croscopic Bio-Mass. 

Although less visible than sewage and suspended wastes, small 
quantities of heavy metal in water supplies have been shown to have 
detrimental impact on aquatic life in streams. The object of this 
project was to quantify the relationship t^tween concentrations of 
the metal lead atui the survival of microscopic life in pond water. 

One hundred samples of viable pond water were maintained with 
res{Nsct to oxygen, food, and temperature. Ten samples were labeled 
as controls while the other 90 samples, in groups of 5. were subjected 
to single doses of Pb*^ ion beginning at 5.0 x 10^^ M and increased 
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in 1 .0 X lO'^M increments. Records of initial and daily grid biocounts I 
were taken over a two-week {Mriod. 

After analysis, it was nrnduded that a thresbold toxicity exists 
at about 7 x 10*^ M for Pb"^' ion. Population levels dedine beyond 
thiU cottcentrati(»i in a near-linear fadiion, apj^CKiching zero at l.S 
X 10"' M. These statnlized pcqnilatkm counts w«e adiieved after 
roughly a 3H!ay "kiU-ofT* period, while omtnri poptdations remained 
staUe from the iidtsal count. 

The main pdnts in writing an abstract are (1) keq> it short, (2) be 
I»edse, (3) sttok to the t(^c. Hie task is to write what was done, 
how it was dcme, and what the findings showed. Expect writing an 
abstract to be a laborious task. Spei»l time on it. Do not underestimate 
its worth. It me^ convey the first news of your fmdings that the sdentific 
world has recdved! 
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ClUPTEft 11: 



Safety 



It U the researdier's respon^bility to take precautions to safeguard 
all persons sjkI property affeaed by his work. The puUic is extremely 
sen^tive to the safety aspects of any proj^. UabUity for injury or 
damage will be focu^ directly on the researcher. While taking measures 
to ensure the safety of others, the researcher mudi also avoid risks 
to himself. 

The informatk)n and recommendations m this chapter should be 
contidered to be general advice for situations in which a^idents are 
known to have taken jdace. It is organized into four ^tions by topical 
areas: 

11.1 General Precautions. 

1 . Attempt to recognize and remedy iK)tential hazards 

2< Do not conduct potentially hazardous experiments while alone 

3. Practice good housekeeping in the latK>ratory area 

4. Use protective equipment for the b<xly and be esji^cially careful 
to shield all eyes in the work area 

5. Keep fire extinguishers operable ^nd accessible 

11.2 Biological Frecautions. 

^1. Avoid poisionous plants — over 700 species are known to cause 
illness or death 

2. Experiments with bacteria should only be conducted using 
nonpaUiogenic varieties 

3. Seal ail petri dishes with tape 
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4. Kill all culture ^^f bacteria befc re washiag the culture dishes. 
Most cultum ca; be tdil^ by heating for 20 miiiutes umler steam 
pressure of IS psi 

5. Flame dU wire toops before ant^ . "^^^r tranderriiig micrros^aaisms 

6. Avoid iiisect*k«Uing jars that ^mtain pota^um cyanide 

7. Use only sterile, disposaUe lancets when taking blood sami^ 

8. Wear protective equipment sudi as aprcm and gloves when working 
with bacteria cuhures 



(1.3 Physical Precautions. 

1* Employ eye and body prote^on when haomiering or chipping 
rock sam|:4es 

2. Do not directly view the son or infrared and ultraviolet light sources 

3. Work with electrical device in dry areas and avoid touching 
grounded objects such as plumbing — 110 volts AC or DC can 
kiU 

4. Avoid direct viewing of laser l^t 

5. Remove all reflective objects from the path of a «4ser beam 

6. Lal^l all radioactive materials 

7. Avoid contaminatira from radioactive materials by handling only 
with gloves or tongs 

8 . Avoid ingestion of niAtermls associated with radioactive substances 

9. Avoid sources of x-rays, including cold cathode ray tube demon- 
stration devices 



1 1 A Chemical Precauiions. 

1 . Remember that many chemicals are inccMnimtible and that mixing 
can result in Tire, explosion, or toxic fumes 

2. Never taste an unknown chemical 

3. Avoid breathing gases, esp^ially in high concentrations 

4. Take precautions when usit^ or storing highly volatile or fiammaUe 
liquicb 

5. Acid can be carefully pmired into water, but never pour water 
into acid 

6. Use proper safety equipment such as shklds for eyes, aprons, 
gloves, tongs, fume hocKls, respirators, and explosion shields when 
using potentially dangerous chemicals. 

7. Avoid use of the chemicals list^ below, which have b^n declared 
by OSHA to be cancer-busing agents — some of these materials 
are known by other names. This is only a partial list of carcinogens: 
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4-Nitrobipfaenyl (4-NBP) 
Alpha-Naphthyiafnine 

(I-NA) 
4,4'-Methylen« bis 



(fiCME) 
BeU-NapthyUunine 

(2-NA) 
Benzidine 
4-Aniinodiphenyl 
Ethylendmine (£1) 
Beta-Proi»olactone (BPL) 
2<Acetylaminofliiorene 
4-DimeUiylaminoazolMnzene (DAB) 
N-Nitrosodimethylamine (DMN) 



(2-chloroamline) 
Methyl dilorometbyi ether 

(CMME) 
3,3' Didilorobenadine (and 

its salts) 
Bis (chlormnethyi) ether 



A researcher must be dedicated to maintaining safe conditions in the 
laboratory. He must be knowledgeable in all aspects of the use of the 
equipment and materials contained therein.^ 



•Division of Scieace. Sajtty Fkfi in Scienct Teaching fRaleigh. N.C.: Norih Carolina 
DcfMtfUnuit of Psblk lastruction, 1977). 



£9 



APPENDIX H 
EXAMPLE ABSTRACTS 



32 



SO 



ExaiBple of 100-wrd Abstract 



NAME: 

HOME ADDRESS: 
SCHOOL: 

SPONSOR/TEACHER: 
TITLE: 



Click 9 Gary 

20 Surrey Road, Somerset, New Jersey 08873 
Franklin Township High School 



Characterization of Medieval Window Glass by Neutron 



Activation Analysis 



The concentrations of 15 component oxides in medieval stained glass were 
detennined by instrumental thennal neutron activation analyses. Three 
groups of glass were studied: 52 specimens from a set of 13th century 
French grisaille panels from a deim>lished royal chateau at lU^uen; 10 samples 
from a grisaille panel in the collection of the Princeton University Museum 
of Art; and a set of 32 random fragmnts of varied provenance* 

Significantly differing compositions were found. However, specimens from 
within Individual and related groups of panels are compos itionally similar 
even for different colors of glass, indicating a common origin for the 
related pieces. 



{Lectins agglutinate red blood cells by binding to cell surface glycoproteins. 
1 The lectins recognize and bind to the sugar portions of the glycoproteins. 
I Because different lectins are specific for different sugar sequences, lectins 
i are useful tools for fractionating and isolating glycoproteins. This study 
i was to determine the precise oligosaccharide binding of the pea ( Pisum 
' sativum ) and the lentil ( Lens cullnaris ) lectins. The lectins were co- 

valently bound to an insoluble support, Sepharose, which was suitable for 
• affinity chromatography • A variety of radioactively labeled glycopeptides 
with different oligosaccharide structures were tested for binding to the 
lectin affinity columns. The conclusion is that affinity binding to the pea 
and lentil lectins requires at least two a-1 inked mannose residues that are 
not substituted at positions 3, A, oi 6 as well as the fucose residue. 
White, the mannose and fucose residues are essential for high affinity bind- 
ing, iTcither sugar residue by itself is sufficient for binding. With this 
information, these two lectins can become useful tools for fractionating the 
glycoproteins of animal cells. 



Example oi 175**word Abstract 



NAME: 

HOME ADDRESS: 

SCHOOL: 
; SPONSOR/TEACHER: 
' TITLE: 



Kornfeld, Stephen Kerry 

50 Villa Coublay, Frontenac, Missouri 63131 
Borton Watklns High School 
Charles Smith 

A Determipation of the Oligosaccharide Binding Specificity 
of Lectins from Plsum sativum and Lens cullnaris 





